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Vaccinal Polypeptides 



FIELD OF THE INVENTION 



This invention relates to vaccine preparation and. more particulariy. to preparation of a vaccinal 
6 influenza virus polypeptide by recombinant DNA techniques. 

BACKGROUND OF THE INVENTION 

70 

Influenza virus infection causes acute respiratory disease in man. horses and fowl, sometimes of 
pandemic proportions. Influenza viruses are orthomyxoviruses and. as such, have enveloped virions of 80 to 
120 nanometers in diameter, with two different glycoprotein spilces. Three types, A, B and 0, infect humans. 
Type A viruses have been responsible for the majority of human epidemics in modem history, although 

75 there are also sporadic outbreaks of Type B infections. Known swine, equine and fowl vinises have mostly 
been type A. although type C viruses have also been isolated from swine. 

The type A viruses are divided into subtypes based on the antigenic properties of the hemagglutinin 
(HA) and neuraminidase (NA) surface glycoproteins. Within type A. subtypes H1 ("swine flu"), H2 ("asian 
flu") and H3 ("Hong Kong flu") are predominant in human infections. 

20 Due to genetic drift which, at approximately yearly intervals, affects antigenic determinants in the HA 
and NA proteins, it has not been possible to prepare a "universal" influenza virus vaccine using 
conventional killed or attenuated viruses, that is, a vaccine which is non-strain specific. Recently, attempts 
have been made to prepare such universal, or semi-universal, vaccines from reassortant viruses prepared 
by crossing different strains. More recently, such attempts have involved recombinant DNA techniques 

25 focusing primarily on the HA protein. 

REPORTED DEVELOPMENTS 

30 

Winter et al.. Nature , volume 292. pages 72-75 (1981), report a DNA coding sequence for HA of the 
A/PR/a/34 strain (H1N1) consisting of a 17 residue hydrophobic signal peptide, an HA1 subunit (326 
residues long) and an HA2 subunit (222 residues long) separated by a single arginine residue (327) thought 
to be recognized during processing by a trypsin-like enzyme. Percent homology of amino acid and 
35 nucleotide sequences of the HA1 and HA2 subunits of this strain were compared to those of representative 
strains of subtypes H2, H3 and H7. 

Baez et al„ Nucl. Acids Res. , volume 8. pages 5845-5857 (1980). report a DNA coding sequence for the 
nonstructuraRNS) protein oflffain A/PR/a/34. 

Young et al., in The Origin of Pandemic Influenza Viruses , 1983, edit, by W.G. Laver, Elsevier Science 
40 Publishing Cb7 and Young et aT, Proc. Natl. Acad. Sci . USA. volume 80. pages 6105-6109 (1983). report 
cloning of cDNA from all efght * RNA segments from strain A/PR/8/34 in E. coli and report high level 
expression of the NS1 protein in E. coli . 

Emtage et al., U.S. Patent 4,357,421, disclose cloning and expression of a coding sequence for an 
influenza viruT HA gene, and disclose that the HA polypeptide is an antigen which may be administered for 
45 vaccine purposes. 

The Morbidity and Mortality Weekly Report , volume 33. number 19, pages 253-261. reviews the most 
recent prevention and control strategies for influenza vims, including dosage and administration protocols 
for HA protein-containing human vaccines. 

Davis et al.. Gene, volume 21, pages 273-284 (1983) report on immune responses in mice to HA- 
50 derived poiypept'des. 

Additional references report cloning and expression of HA, NS and other influenza virus genes of the 
A/PR/8/34 and other strains. Some of such references are cited herein below. 
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FIGURE 1 is tfiQ nucleotide sequence of the coding region for CI 3 protein and the annino acid 
sequence thereof. The boxed region indicates the sequence joining the C-terminal amino acid 81 
5 (methionine) of NS1 and the N-terminal amino acid 1 (glycine) of the entire HA2 subunit (amino acids 1- 
222). 

FIGURE 2 is the nucleotide sequence of the coding region for D protein and the annino acid 
sequence thereof. The boxed region indicates the linker sequence between the C-terminal amino acid 81 
(methionine) of NS1 and the N-temiinal amino acid 65 (alanine) of the truncated HA2 subunit. The positions 
70 of amino acids 69 (glutamic acid). 81 (asparagine) and 150 (glutamic acid) of HA2. corresponding to the N- 
terminal amino acids of the truncated HA2 subunit in "A" protein. "C" protein and "AD" protein, 
respectively, are also indicated. 

FIGURE 3 is the nucleotide sequence of the coding region for CI 3 short protein and the amino acid 
sequence thereof. The boxed region indicates the sequence joining the C-terminal amino acid 42 (serine) of 
75 NS1 and the N-terminal amino acid 1 (glycine) of the entire HA2 subunit Amino acid 13 of NS1 (cysteine) 

has been replaced by serine, 

FIGURE 4 is the nucleotide sequence of the coding region for D short protein and the amino acid 
thereof. The boxed region indicates the linker sequence between the C-terminal amino acid 42 (serine) of 
NS1 and the N-tenninal amino acid 66 (vaiine) of the truncated HA2 subunit Amino acid 13 of NS1 
20 (cysteine) has been replaced by serine. 

SUMMARY OF THE INVENTION 



25 In one aspect, the invention is a vaccine for stimulating protection in animals against infection by 

influenza virus which comprises a polypeptide, other than an HA protein, having an immunogenic 

determinant of the HA2 subunit of an HA protein. 

In another aspect, the invention is a polypeptide, other than an HA protein, which comprises an 

immunogenic determinant of the HA2 subunit which can be used in the vaccine of the invention. 
30 In still another aspect, the invention relates to a process for purifying the polypeptides of the invention 

from the cell lysate of a recombinant host cell culture, the process comprising: 

subjecting the cell lysate to a first detergent treatment at a pH in the range between about 6 to about 8.5. 

to selectively solubilize host cell contaminants and fonning thereby a soluble fraction and an insoluble 

fraction, the insoluble fraction containing the polypeptide; 
35 separating the soluble fraction from the insoluble fraction; 

subjecting the insoluble fraction to a second detergent treatment, at a pH in the range between about 9 to 

about 11. to selectively solubilize host cell contaminants and forming thereby a soluble fraction and an 

insoluble fraction, the insoluble fraction containing the polypeptide; 

separating the soluble fraction from the insoluble fraction; 
40 subjecting the insoluble fraction to a chaotropic agent thereby solubillzing the polypeptide; 

separating the soluble fraction from the insoluble fraction, the soluble fraction containing the polypeptide; 

adding a reducing agent to the soluble fraction; and 

subjecting the soluble fraction to ion exchange chromatography and recovering the polypeptide -containing 
eluate, said eluate being substantially free of contaminating host ceil nucleic acids, endotoxin and 
45 polypeptides. 

In other aspects, the invention is a DNA molecule comprising a coding sequence for the vaccinal 
polypeptide of the invention, including the coding sequence alone or incorporated into a larger molecule, 
such as a DNA cloning or expression vector, and a microorganism or cell transformed with such DNA 
molecule. 



so 



DETAILED DESCRIPTION OF THE INVENTION 



55 Oftentimes, immunogenic determinants do not stimulate an immunoprotective response. This is be- 
lieved to be due. in large part, to a failure to present the determinant to a host's bodily defense system in 
proper configuration. 

As disclosed and fully described herein below, the immunogenic determinant (which may comprise one 
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or more continuous or separated haptens) of the HA2 subunrt of the HA protein, surprisingly, induces a 
cytotoxic T cell response against different strains within the subtype of origin. Thus, the HA2 immunogenic 
determinant can provoke a protective immune response, if it is presented in an immunogenic configuration, 
which Is subtype specific, rather than strain specific. For example, the HA2 determinant can be presented In 
a vaccinal polypeptide comprising the HA2 subunit that is. substantially the entire HA2 subunit of the HA 
protein, fused to a second polypeptide which permits an immune response to the immunogenic detemiinant 
by causing the HA2 subunit to assume an immunogenic configuration. 

Preferably, the polypeptide which penmits such immune response to the HA2 immunogenic determinant 
comprises an amino acid sequence which is expressed at high levels by a recombinant host, prokaryotic or 
eukaryotic. fused to the N terminus of substantially the entire HA2 subunit Especially preferred is a 
polypeptide derived from an influenza virus protein. The vaccinal polypeptide is not the HA protein, because 
immunoprotective response to the HA protein appears to be strain specific. 

For expression of such vaccinal polypeptide carrying the HA2 immunogenic determinant in E. coli. the 
polypeptide which permits an immune response to the HA2 determinant is preferably the N temninus of the 
NS1 influenza virus protein. A particular and preferred embodiment thereof is a protein herein refenred to as 
CI 3. As depicted in Rgure 1. C13 protein has the first 81 amino acids of the NS1 protein fused, via a linker 
sequence which codes for aspartate-leucine, to a peptide comprising amino acid 326 (serine) of the HA1 
subunit of the HA protein, amino acid 327 (arginine) of HA separating HA1 from HA2, and the entire HA2 
subunit (amino acids 1-222). (Numbering of HA amino acids from Winter et al.. Nature . 292:72 (1981)). 

In another embodiment, the vaccinal polypeptide is a protein refen-ed to as "CI 3 short". As depicted in 
Rgure 3. C13 short comprises the first 42 amino acids of the NS1 protein (with the exception that amino 
acid 13 (cysteine) is replaced by serine) fused, via a linker sequence which codes for methionine-aspartate- 
leucine, to a peptide comprising amino acid 326 (serine) of the HA1 subunit of the HA protein, amino acid 
327 (arginine) of HA separating HA1 from HA2. and the entire HA2 subunit (amino acids 1-222). 

More prefen-ed because of its relative ease of isolation and purification is D protein. As depicted in 
Rgure 2, D protein comprises the first 81 amino acids of NS1 fused, via a linker sequence which codes for 
glutamine-isoleucine-proline, to N-terminal amino acid 65 of the truncated HA2 subunit (amino acids 65- 
222). A DNA coding sequence for D protein is prepared by restricting the HA2 coding sequence with Pvu II 
and ligating the C-terminal region of the Ncol site between amino acids 81 and 82 in the NS1 coding 
sequence via a synthetic oligonucleotide linker. 

In other embodiments, the vaccinal polypeptides comprise derivatives of D protein, namely, "A* protein 
and "C" protein wherein the first 81 amino acids of NS1 are fused, via a linker sequence coding for 
glutamine-isoleucine-proline, to N-terminal amino acid 69 of the truncated HA2 subunit (amino acids 69-222) 
(A protein), and N-terminal amino acid 81 of the truncated HA2 subunit (amino acids 81-222) (C protein), 
respectively. A third D protein derivative is AD protein which comprises the first 81 amino acids of NS1 
fused, via a linker sequence coding for glutamine-isoleucine-proline-valine to N-terminal amino acid 150 of 
the truncated HA2 subunit (amino acids 150-222). 

In yet another embodiment, the vaccinal polypeptide is a protein refen-ed to as "D short". As depicted 
in Rgure 4. D short comprises the first 42 amino acids of the NS1 protein (with the exception that amino 
acid 13 (cysteine) is replaced by serine) fused, via a linker sequence which codes for metinionine- 
asparatate-histidine-methionlne-leucine-threonine-serine-threonine-arginine-serine. to N-terminal amino acid 
66 of the truncated HA2 subunit (amino acids 66-222). 

The vaccinal polypeptides of the invention can be prepared by chemical synthesis techniques. 
Preferably, however, they are prepared by known recombinant DNA techniques by cloning and expressing 
within a host microorganism or cell a DNA fragment can7ing a coding sequence for the polypeptide. The 
prefenBd host is E. coll .because it can be used to produce large amounts of desired proteins safely and 
cheaply. 

Coding sequences for the HA2. NS1 and other viral proteins of influenza virus can be prepared 
synthetically or can be derived from viral RNA by known techniques, or from available cDNA-containing 
plasmids. For example, in addition to the above cited references, a DNA coding sequence for HA from the 
A/Japan/305/57 strain was cloned, sequenced and reported by Gething et al., Nature , volume 287. pages 
301-306 (1980); an HA coding sequence for strain A/NT/60/68 was cloned as reported by Sleigh et al., and 
by Both et al.. both in Developments in Cell Biology . Elsevier Science Publishing Co., pages 69-79 and 81- 
89, 1980ran HA coding sequence for strain A/WSN/33 was cloned as reported by Davis et aJ.. Gene , 
volume 10. pages 205-218 (1980); and by Hiti et al.. Virology , volume 111. pages 113-124 (1981). An HA 
coding sequence for fowl plaque virus was cloned as reported by Porter etal. and by Emtage et al.. both in 
Developments In Cell Biology , cited above, at pages 39-49 and 157-168. Also, influenza viruses, including 
other strains, subtypes and types, are available from clinical specimens and from public depositories, such 
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as the American Type Culture Collection, Rockville. Maryland. U.S.A. 

Systems for cloning and expression the vaccinal polypeptide in various microorganisms and cells, 
including for example. E. coli. Bacillus . Streptomyces . Saccharomyces . mammalian and insect cells, are 
iSiown L available fror^l^Fi^te-OTJblic laboratories and depositories and from commercial vendors^ 

Tie process of the present invention involves subjecting a cell lysate. derived from a recombmant host 
cell cultuVe and containing pyrogenic. proteinaceous and nucleic acid contaminants of cellular ong.n to a 
serie^of solubilization and separation procedures, including centrifugation and chromatography, to yield the 
desired polypeptides substantially free of contaminants. 

^9 recombinant host Is prepared as described hereinbelow. Such recombinant cells are cultured In 
nutrient media containing assimilable sources of carbon, nitrogen and minerals, in the presence of o>cygen 
Tstand^d fermentation techniques. Following fem,entation for a time sufficient to «'<P'«^= ^!;»7f "^"^ 
polypeptide, cells are collected, such as by centrifugation or filtration. The resulting cell paste Is then 
resuspended and subjected to lysis. . 

CeH lysis can be accomplished by addition of lysozyme or other lysing or permeab.l.zmg agent to a 
buffer^ suspension (between pH 6 and pH 8.5. pH 8 being preferred) of ~ 
concentration of about 100-300 g/U based on the wet cell pellet weight The weight of tfie cell pe let in 
^ucton scale operation may range from 800-3.000 g. depending on the P^J^^^^P^LVP^P*"^^ 
gSng^!f.Ltion. S suitable lysis buffer is Tris (SOmM). EDTA (2mM). dithlothreitol (DTO (0.1 mM). and 
SroM5•^) having a pH of about 8.0. Lysis may also be perfomied by mechanical or ultrasonic disruption 
means in thi absence of lysozyme. Satisfactory results have been obtained using a Gaulin homogenizar 
^^ ZZ, inc.. Everett. Massachusetts). A combination of chemical, mechanical and/or ultrasonic lysing 

means may be employed, if desired. ^oe^uo 

The lysed suspension is then treated, at a pH in the range of between about 6 and 8.5. pH 8 b^ng 
preferred, with a Vetergent. for example, an ionic detergent such as deoxycholate. e.^ sodiurn salt 
mSyd ateTapprox. 01%). to prevent binding of the desired recombinant polypeptide to the cell debris 
TembJanes and proteins) and/or a non-ionic detergent, which dissolves cytoplasmic membranes w thoirt 
denS protem'such as Triton X-100 (International Biotechnologies. ln<^. New H^^"' 
lysed suspension is clarified, e.g.. by continuous centrifugation at about fS.OOO Xg in a Bectanan JCF-Q 
rotor at a flow rate of 100-500 ml/min, the supernatant containing solubilized host cell contaminants 
discarded and the insoluble fraction containing the polypeptide subjected to further P"nflcation 

The cell lysate may be subjected to additional detergent treatments for ttie removal of stiH othe bo^ 
cell contaminLs. For example, the pellet containing the polypeptide rriay be ;«f"«P;"*^ !" f,f J^^'J 
buffer at a pH in the range of between about 95 to about 11. A particu^y "^eful buffer te g'yane-NaOH 
(50 mM). EDTA (2mM) and glycerol (5'/,). at a pH of between 9.5 to 1. preferably ^O^^ PH. 10^ 
beinq most preferred. Resuspenslon may be facilitated using a homogenizer. A non-ionic dete gent such as 
Son xToO rTaTbe addeSfto the suspension in order to solubll.ze additional host cell membranes 
cSmolexed with ttie polypeptide which were not earlier solubilized at the lower pH of the previous 
~eteS trealrstep suspension is clarified by centrifugation (25.000 Xg) and the supernatant 
23ng irbilized host cell contaminants discarded and the pelleted Insoluble fraction containing the 
40 DOlvoeDtide subjected to further treatment , ^ * ^ ,:*u « 

?oLing treatment with detergents, the pellet containing the recombinant polypeptide Is treated with a 
suitable ch^opic agent, for example, urea or guanldine hydrochloride, urea being Preferred. WInere u ea 
?used as the chao^plc agent, the pellet containing the recombinant P°'yP«P«''«„Vf«'^'t?Jhntt r!n 
^er. for example. 8M urea In 50 mM Tris at a pH between 7.5 to 9. prefei^ ly pH 8. '"soUible hos, ceH 
« contaminants are removed by centrifugation. for example. 25.000 xg. The solubilized polypeptide remains m 

pSrScation of the cell lysate in the manner just described, significantly reduces the amount of 
host cell contaminants initially present in the cell lysate. „„H«tnvin fmm the 

Further separation of residual host cell contaminants, particularly nucleic acids and er^dot^^"" from *e 
60 partially purified polypeptide may be carried out by Ion exchange chromatogr^hy using a 

^lumn packing haJng anion exchange groups, such as diethylaminoethyl (DEAE^. ^"^rtemary ammoemyl 
SaS. and polyethylene imine (PEI) bound to a surtable matrix. The 

sufficiently porous, open matrix for passage of the polypeptide to be punfled. A ^'Sf '»"Vnn 
nucleic adds, endotoxins and. to a lesser extent, low molecular weight ^ost cell contaminatmg pr^^^^^^ 
55 from a partially purified cell lysate containing the polypeptide has been acconnplished on an ^.on exchange 
support for example, a DEAE Fast Row Sepharose column, equilibrated with the same buffer in which the 
recombinant protein is solubilized. for example. 8M urea. 50 mM Tris at pH 8 

• The addition of a reducing agent, for example, dithlothreitol or 2-mercaptoethanol. to the buffer solution. 
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aids in the removal by ion exchange chromatography of host cell proteins and low molecular weight 
cleavage products. 

The solution containing the peptide is contacted with the ion exchange support and then eluted 
therefrom. Elution can be carried out using a suitable buffer solution which provides a fraction containing 
the desired immunogenic polypeptide, substantially free of nucleic acids and contaminating host cell 
proteins. The buffer solutions used as eluents herein are those widely used in ion exchange chromatog- 
raphy of biological substances. Gradient elution from a anion exchange support is used to advantage with 
the polypeptides of the present invention, for example, a 0.0 to 0.5 M NaCI gradient, preferably, 0.0 to 0.3 
M NaCI, over a 5-fold column volume or greater. Tbe host cell contaminants and tiie desired polypeptide 
are adsorbed on the ion exchange matrix, and the desired polypeptide is differentially desorbed in fractions 
separate from the contaminants. The protein-containing eluate may be passed several times in succession 
through tiie same ion exchange column, or tiirough separate columns having different packings. 

A further significant reduction of nucleic acids, low molecular weight host cell contaminating proteins 
and, particularly, endotoxins from the purified cell lysate recovered from anion exchange chromatographed 
(for example, DEAE Fast Row Sepharose) described immediately above, may be effected by treating the 
lysate witii a strong denaturant such as sodium dodecyl sulfate (SDS) In a reducing environment (achieved 
by the addition of a reducing agent for example, dithiothreitol). It Is theorized that the denaturant causes the 
protein of interest to unfold and the reducing environment breaks the protein's disulfide bonds to permit 
even greater unfolding, thereby solubilizing host cell contaminants believed to be aggregated with the 
20 protein. Chromatography of the thus-treated cell lysate by size exclusion chromatography, for example, Bio- 
Gel A and Bio-Gel PC (Bio-Rad, Richmond. CA USA); Superose 12. Sephadex. Sephacryl-HR. Sepharose 
and Superdex (Pharmacia), Superose 12 (Phannacia) chromatography being particularly preferred, results in 
the elution of a protein-containing fraction of substantially greater purity by removing tiie host cell 
contaminants previously aggregated therewith. Still furtiier reductions of host cell contaminants may be 
25 effected by repeating treatment of tiie purified cell lysate with strong denaturants and reducing agents 
followed by size exclusion chromatography. 

To effect removal of \he denaturant described above from the purified ceil lysate, tfie protein-containing 
fractions recovered from the size exclusion chromatography may be subjected to additional size exclusion 
chromatography. It has been discovered tiiat chromatography columns known in tiie art as "desalting 
30 columns" for example, G50 or preferably G25 Sephadex (Phannacia) fine chromatography columns may be 
used to advantage to remove denaturants. particularly where the denaturant is SDS. Denaturant removal is 
particularly enhanced when done in the presence of a chaotropic agent, for example, urea. By way of 
example, application of SDS-containing fractions to a desalting columm previously equilibrated wiUi a buffer 
solution containing 8 M urea and subsequent elution of such fractions witii the equilibration buffer has been 
35 found particularty effective in maximizing recovery of tiie protein free from contamination by SDS. 

The cell lysate, after treatment for removal of contaminating polypeptides, endotoxin and nucleic acids, 
as described above, is rendered substantially free of residual host cell contaminants. 

Various otiier procedures can be employed in connection witti ttie process of the present invention, 
although such other procedures are not necessary to achieve a highly purified, phamnaceutical grade 
40 product Such procedures can be employed between, before or after the above described process steps. 
One such optima! step is diafiltration. 

The term "diafiltration" is used herein in tiie art-recognized sense, to refer to a form of continuous 
dialysis which is extremely effective in achieving many buffer exchanges. Diafiltration is preferably can-ied 
out across a cellulosic membrane or ultrafiiter. Suitable membranes/filters are tiiose having from about a 
45 1000 molecular weight (M\AO cut-off to those having pore size up to 2.4 urn diameter, A number of different 
systems adaptable to diafiltration are commercially available, such as the 10K Amicon dual spiral cartridge 
system. In the process of the present invention, diafiltration using a 20 mM Tris buffer at about pH 8 can be 
effectively employed in the purification and subsequent concentration of tiie polypeptide. 

The vacdne of ttie invention comprises one or more vaccinal polypeptides of tiie invention, and a 
50 canier or diluent tiierefore. For example, such vaccine can comprise substantially tiie entire HA2 subunit 
from each of several subtypes, each fused to N-terminal amino acids of the NS1 protein, which is highly 
conserved, in normal saline or other physiological solution. Use of an adjuvant such as aluminum 
hydroxide, may prove to be desirable. A preferred vaccine comprises ttiree vaccinal polypeptides, each 
comprising substantially tiie entire HA2 subunit from one of tiie HI, H2 and H3 subtypes fused to about the 
55 first 81 amino acids of any NS1 protein, as in tiie case of the CI 3 protein. Alternatively, a polyvalent 
vaccine can be prepared from one or more polypeptides of tiie invention combined witii additional 
immunogens derived from influenza vims or ottier pathogens, such as subunit or polypeptide antigens or 
killed viruses or bacteria, to produce a vaccine which can stimulate protection against influenza virus as well 
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as other invasive organisms or viruses. Tecliniques for formulating such vaccines are well known. For 
example, the vaccinal polypeptide, and other immunogens in the case of a combination vaccine, can be 
lyophilized for subsequent rehydration in saline or other physiological solutions. 

Dosage and administration protocol can be optimized in accondance with standard vaccination practices. 
Typically, the vaccine will be administered intramuscularly, although other routes of administration may be 
used, such as oral, intraocular, intrademnal and intranasal administration. Based on what is known about 
other polypeptide vaccines, it Is expected that a useful single dosage for average adult .humans is in the 
range of 1 to 1000 micrograms, preferably 5 to 150 micrograms, most preferably 10 to 100 micrograms. 
The vaccine can be administered initially In late summer or early fail and can be readministered two to six 
weeks later, if desirable, or periodically as immunity wanes, for example, every two to five years. 

The following examples are illustrative, and not limiting, of the invention. 



Example I.PIasmid pM30 



Plasmids pAPR701 is a pBR322-derlved cloning vector which canies coding regions for the Ml and M2 
influenza virus proteins (A/PR/8/34). It is described by Young et al.. in The Origin of Pandemic Influenza 
Viruses. 1983. edited by W.Q. Laver, Elsevier Science Publishing Co. 

20 Plasmid pAPRSOl is a pBR322-derlved cloning vector which canies the NS1 coding region (A/PR/8/34). 

It is described by Young et al.. cited above. 

Plasmid pASI is a pFR"322-derlved expression vector which contains the Pl promoter, an N utilization 
site (to relieve transcriptional polarity effects in the presence of N protein) and the cH ribosome binding site 
including the cll translation initiation codon followed immediately by a BamHl site. It is described by 

25 Rosenberg et al.. Methods Enzymol .. volume 101. pages 123-138 (1983). 

PIasmid"pAS1deltaEH was prepared by deleting a non-essential EcoRI-Hindlll region of pBR322 ongin 
from pASl. A 1236 base pair Bam HI fragment of pAPRSOI. containing the NS1 coding region in 861 base 
pairs of viral origin and 375 base pairs of pBR322 origin, was inserted into the BamHl site of pASldeitaEH. 
The resulting plasmid. pASIdeltaEH/801 expresses authentic NS1 (230 amino acids). This plasmid has an 

30 Nco I site between the codons for amino acids 81 and 82 and an Nru I site 3 to the NS sequences. The 
Bam HI site between amino acids 1 and 2 is retained. ^ u i.*-. 

A 571 base pair fragment carrying a coding sequence for the C terminal 50 amino acids of the Ml 
protein was obtained by restricting pAPR 701 with Ncol and EcoRV. This fragment was inserted between 
the Ncol and Nrul sites in pASI deltaEH/801 subsequent to deletion of that fragment from the plasmid. The 

35 resulting plasmid. pM 30. codes for a fusion protein which is the first 81 amino acids of NS1 fused to the 
last 50 amino acids of Ml. The Ncol and BamHl sites are retained. 



Example 2. Plasmid pC13 

40 

Plasmid pJZ102 is a pBR322-derived cloning vector which canies a coding region for the entire HA 
protein (A/PR/8/34). It is described by Young etal.. cited in Example 1. 

Plasmid pBglll is a pBR322.-derlved cloning vector which canies a Bglll linker at the Nrul site in 

45 pBR322. . . X 

PJZ102 was cut with Mnll. Bglll linkers were ligated to all ends and the HA2-containing fragment was 
inserted into pBglll. The 5' junction in the resulting plasmid. pBglll/HA2. was sequenced as follows: 



so 



55 



5' AGATCTG TCCAGA GGT_ 3' 

Region 1 is derived from the Bgl 11 linker and codes for aspartate and leucine. Region 2 is derived from 
HA1 and codes for serine (HAI amino acid 326) and arginine (HA amino acid 327 separating HA1 from 
HA2). Region 3 is derived from HA2 and codes for ail amino acids of the HA2 subunit. 
The 3' junction was sequenced as follows: 
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3 4 5 6 

5' _ATATGCATC TGA GATTAGAATTTCA CAGATCT 

^ Region 4 is the HA2 stop codon. Region 5 is s' non-coding sequences of viral origin. Region 6 is derived 
from the Bgl II linker. 

A 691 base pair fragment carrying the HA2 coding sequence was obtained by restricting pBgl II/HA2 
with Bglll. The fragment was end-filled with DNA polymerase I (Klenow) and ligated into pASIdeItaEH/801 
which had been cut with Nco I and similarly end filled (Klenow). The resulting plasmid is pC13. The NS1- 
HA2, blunt ended junction was sequenced as follows: 

7 1 2_ _3_ 

5' AAAATGACCATG GATCTG TCCAGA GGT 3' 

Region 7 is derived from the NS1 gene. Regions 1, 2 and 3 are defined above. 



20 Example 3. Production of the C13 Protein 



E. coli host strain N5151. a temperature sensitive defective lambda lysogen (cl857) was transformed 
with"pCT3". Transformants were grown at 32 *C to mid-log phase (A260 = 0.6) In LB broth supplemented 

25 wth 100 micrograms/'ml of ampicillin. The cultures were^ then shifted to 42 *C to inactivate cl and thus 
induce synthesis of the CI 3 protein. After 2 hours at 42 *C, the bacteria were collected by centrifugation 
(3500 rpm. 20 min) and the bacterial pellet was frozen at -20* C. 

The pellet was thawed and resuspended in buffer A (50 mM Tris-HCI. pH 8.0. 2Mm EDTA, ImM 
dithiothreitol, 5% (vol/vol) glycerol). Lysozyme was added to a final concentration of 0.2 mg/ml. and the 

30 mixture was incubated on ice for 20 minutes. The mixture was then treated in a Waring blender at. high 
speed for six bursts of 15 seconds each. The suspension was then sonicated for one minute with a Branson 
probe sonifier. The mixture was then centrifuged (15.000 rpm. 30 minutes). 

The pellet was resuspended in buffer A by sonication 4 x 15 second bursts). The mixture was then 
made 0.1% deoxycholate and stirred for one hour at 4*C. The mixture was centrifuged (15.000 rpm, 30 

35 minutes) and the protein was pelleted. The deoxycholate treatment was repeated and the resulting pellet 
was then resuspended in buffer A by sonication. The suspension was then made 1% Triton X-100 and 
stirred for one hour at 4'C. The mixture was again centrifuged (15,000 rpm, 30 minutes) and the protein 
pellet was collected. The protein was resuspended by sonication and the protein was solubilized with urea 
(4M final concentration). This solution was centrifuged to remove any particulate material (15,000 rpm, 30 
minutes) and the supernatant was collected and dialyzed against three, one liter changes of 10 mM Tris- 
HCI, pH 7.5. 1 mM EDTA to remove the urea. The protein solution was again centrifuged to remove any 
particulate material (15.000 rpm, 30 minutes) and the supernatant which contained the CI 3 protein, was 
collected and used for assays. The yield of C13 protein is about 10% of total cellular protein as determined 
by SOS PAGE. 

45 

Example 4; Plasmid pD 



50 Plasmid pASlAEH/801 (described above in Example 1) was cut with Bglll, end-filled with DNA 
polymerase I (DNApoll; Klenow) and ligated closed, thus eliminating the Bglll site. The resulting plasmid 
pBgr was digested with Ncol. end-filled with DNApoll (Klenow) and ligated to a Bglll linker. The resulting 
plasmid, pB4. contains a Bglll site within the NS1 coding region. Plasmid pB4 was digested with Bglll and 
ligated to a synthetic DNA linker of the sequence: 

5 ' -GATCCCGGGTGACTGACTGA -3* 
3 ' - GGCCCACTGACTGACTCTAG-5 * 
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The resulting plasmid. pB4 + . permits insertion of DNA fragnents within the iinker following the coding 
region for first 81 amino acids of NS1 followed by termination codons in all three reading fr^es Plasmid 
nB4+ was digested with Xmal (cuts within linker), end-filled (Klenow) and ligated to a 520 base pair 
Pvull/HindlM. end-filled fragment derived from the HA2 coding region. The resulting plasmid. pD. codes for a 
protein comprised of the first 81 amino acids of NS1. three amino acids derived from the synthetic DNA 
linker (gin-ile-pro). followed by amino acids 65-222 of the HA2. as shown In Figure 2. 



Example 5. Plasmid pC13short 



10 



Plasmid PAS1AEH801 (described in Example 1) was cut with Ncol and Sail and ligated to a synttietic 
DNA encoding human TGFa as an Ncol/Sall fragment. The resulting plasmid, pNSl8,TGF«. encodes a 
protein comprised of the first 81 amino acids of NS1 and the mature TGFa sequence. Plasmid 

15 DNS181 TGFa was cut with Hindlll and Ncol to liberate a 218 base pair fragment encoding ammo acids 8 to 
81 of the NS1. A synthetfc DNA encoding the first 42 amino acids 8 to 42 of NS1 (wrth the excepton that 
amino acid #13 of the NS1 sequence was changed from a cysteine to a serine) as a HIndlll/Ncol fragments 
was then ligated into the plasmid. The resulting plasmid. pNS1«TGFa. encodes a protein compnsed of the 
Tst 42 amino acids of NS1 and the mature TGFa sequence. Plasmid pNS1«TGFa was then digested with 

20 Ncol and ligated to a 704 base pair Ncol fragment encoding the HA2 region derived from pCl 3 The 
resulting plimid. •pC13 short", encodes a protein "C13 short", comprised of the first 42 ammo acids of 
NS1 (with the exception of amino acid #13 changed from a cysteine to a senne) three amino acids 
encoded by a synthetic DNA linker (met-asp-leu). amino acid (326) from the carboxy temiinus of the HA1 
(ser). an arginine residue (327) separating the HA1 and HA2 subunits. and the entire HA2 subunit. as shown 

25 in Rgur© 3. 

Example 6. Plasmid pDshort 



30 



35 



40 



45 



60 
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Plasmid PMG27N a pASI derivative (MoL Cell Bio. 5. 1015-1024 (1985)). was cut ^amHI and Sad 
and ligated to a BamHI/Ncol fragment encoding the first 81 amino acids of NS1 from pAS1AEH801 and a 
synthetic DNA Ncol/SacI fragment of the following sequence: 

5 ' -CATGGATCATATGTTAACAGATATCAA6GCCTGACT6ACTGAGAGCT-3 ' 
3'- CTAGTATACAATTGTCTATAGTTCCGGACTGACTGACTC -5' 

The resulting plasmid. pMGI. allows the insertion of DNA fragments after the first 81 amino acids of 
NS1 in either of the three reading frames within the synthetic linker fragment followed by temmnabon 
codons in all three reading frames. To derive a similar vector which cont^ns the coding region for the first 
42 amino acids of NS1 rather than the first 81 amino acids of NSl. pMQ1 was digested witti BamHI and 
Ncol and ligated to the BamHl/Ncol fragment encoding amino acids 2 to 42 of NSl from pNSi«T6Fa. The 
resulting plasmid. termed pMG42A. was then modified to contain an alternative synthetic Iinker after the 
NSUz sequence with a different set of restriction enzyme sites within which to insert foreign DNA 
fragments into the three reading frames after the NS1«. TOs linker has the following sequence: 

5 • -cATGGATCATATGTTAACAAGTACTCGATATCAATGAGTGACTGAAGCT-3 ' 
.3*- CTA6TATACAATTGTTCAT6AGCTATAGTTACTCACTGACT -5' 

The resulting plasmid. pMG42B was then digested with EcoRV which cuts within the synthetic linker 
and Xhol. It was then ligated with a Pvull/Sall fragment derived from pMS2 to generate P'^sm-d pDshort ^ 
This plasmid encodes a protein. "D short", which is comprised of the first 42 amino aa^s of NSl (with me 
exception of amino acid #13 changed from a cysteine to a serine). 10 ammo aads denved from the 
synthetic linker (met-asp-his-met-leu-thr-ser-thr-arg-ser) and amino acids 66-222 of the HA2 subumt. as 
shown in Rgur© 4. 
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Example 7. Piasmid pC13(H69-222) 



Plasmid pB4+ (described in Example 4) was cut with Xmal, end-filled (Klenow) and a 508 base pair 
5 EcoRI/Hindlll. end-filled fragment derived from the HA2 coding region was ligated to It. The resulting 
plasmid pC13(H69-222) codes for "A" protein comprised of the first 81 amino acids of NS1. three amino 
acids derived from the synthetic DNA linker (gin-ile-pro). and amino acids 69-222 of the HA2 subunit 



Example 8. Plasmid pC13(H81-222) 



Plasmid pB4+ (described in Example 4) was cut with Smal and ligated to a 474 base pair Ahalll/Hindlll. 
end-filled fragment derived from the HA2 coding region. The resulting piasmid, pC13(H81-222). codes for. 
rs "C" protein comprised of the first 81 amino acids of NS1. three amino acids derived ft-om the synthetic 
DNA linker (gin-iie-pro) and amino acids 81-222 of the HA2 subunit. 



Example 9. Plasmid pC13(HA1 50-222) 

20 

Piasmid pJZ102 (described in Example 2) was cut with Hindlll to liberate the HA cDNA This 1784 base 
pair fragment was isolated and ligated into pUC8 which had been cut with Hindlll. The resulting plasmid, 
pMS2. was then cut with BsmI, mungbean nuclease-treated then Sail digested. A 280 base pair fragment 
25 containing the C-terminal coding region of the HA2 was then isolated. This fragment was ligated into pB4 + 
plasmid which had been cut with Xmal. end-filled (Klenow) then cut with Sail. The resulting plasmid. pC13- 
(H1 50-222). codes for a "AD" protein comprised of the first 81 amino acids of NS1. four amino acids 
encoded by the synthetic DNA linker (gln-IIe-pro-val) followed by amino acids 150 222 of the HA2 subunit. 

30 

Example 10. Plasmid pA13 



Plasmid pC13 was cut with EcoRI to release a 1163 base pair fragment and ligated closed to yield 
35 plasmid pA13. This manipulation results In the loss of the coding region for the C-terminal 152 amino acids 
of the HA2. Consequently, the fusion protein "A13" produced from this plasmid contains the first 81 amino 
acids of the NS1. two amino acids encoded by a synthetic DNA linker (asp-leu), one amino acid from the 
carboxy temninus of the HA1 (ser), an arginine residue (327) separating HA1 from HA2. the first 70 amino 
acids of the HA2 followed by eight amino acids derived ft-om the pBR322 sequence (ser-cys-Ieu-thr-ala-tyr- 
40 his-arg). 



Example 11. Piasmid pC1 3(H65-1 96)aMSH 



Piasmid pMS2 (described in Example 9) was digested with BstXI and Sail and ligated to a synthetic 
linker encoding a-melanocyte stimulating hormone (aMSH). The resulting plasmid. pMS2aMSH, was 
digested with EcoRI (within the HA2 coding region) and Sail (at the carboxy terminus of the aMSH coding 
sequence) releasing a 431 base pair fragment which was isolated and ligated into plasmid pD that had been 
so digested with EcoRI and Sail. The resulting plasmid, pC13(H65-196)aMSH. encodes a hybrid protein "M" 
comprised of the first 81 amino acids of NS1. three amino acids derived from the synthetic DNA linker (gln- 
lle-pro). amino acids 65-196 of the HA2 subunit two glycines, followed by aMSH (ser-tyr-ser-met-glu-his- 
phe-arg-trp-gly-lys-pro-val). 

55 

Example 12. Plasmid pC13(H65-196)AMSH 
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Plasmid pC13(H65-196)aMSH was digested with Ncol. end-filled (Klenow) and ligated to a 12 base pair 
translation stop linker of tine sequence: 
5'-CTAGTTAACTAQ-3] 

3'-QATCAATTQATC-5' , ^ ^ 

The resulting plasmid. pC13(H65-196)AMSH. encodes "AM" protein comprised of the first 81 ammo 
acids of NS1 three amino acids derived from the synthetic ONA linker (gin-lle-pro). amino acids 65-196 of 
the HA2 subunit. gly-gly. the first 4 amino acids of aMSH (ser-tyr-ser-met) followed by three ammo acids 
derived from the termination linker (leu-val-asn). 



Example 13 Plasmid pC13(H65-200) 



Plasmid pMS2 (described in 'example 9) was digested with BstXI and Sail and ligated to a synthetic 
linker having the sequence: 

5 ' CTGGTGCTTTTGTAG 3 ' . 

3 • AAOTGACCACGAAAAOVTCAGCT 5 ' 

The resulting plasmid. pMS2-anchorless. was digested with EcoRI (within the HA2 coding region) and 
Sail releasing a 331 base pair fragment which was isolated and ngated into plasmid pD that had been 
digested with EcoRI and Sail. The resulting plasmid. pC13(H65-200). encodes a hybrid protein AM + 
comprised of the first 81 amino acids of NSI; three amino adds derived from the synthetic DNA linker (gln- 
lle-pro) (described above in Example 4). amino acids 65-196 of the HA2 subunit. followed by leu-val-leu-leu 
derived from the synthetic linker described immediately above which restores amino acids con'espondmg to 
amino acids 197-200 of the HA2 subunit 



Example 14. Purification of D Protein 



Following the induction of synthesis of D protein by an E. CTii host strain, the bactenal cells were 
collected by centrifugation and the resulting pellet frozen at -70 C. The pellet was thawed and resuspended 
in lysis buffer A (SO mM Tris. 2mM EDTA. 0.1 mM dithiothreitol (DTT). 5% glycerol, at pH 8) by adding 10 
mis of lysis buffer A for each gram of cell paste, and thawing at mom temperature. To the resulting 
suspension was added a concentrated lysozyme solution to give a final concentration of at least about 0.2 
mg/ml lysozyme. The suspension was stinred at room temperature for about 1 to 1.5 hour and then lysed on 
a IWIanton Gaulin homogenizer (APV Gaulin. Inc.. Everett. Massachusetts) (10.000 psi) in two passes. To this 
suspension was added Triton X-100 to a final concentration of 1% and deoxycholate added to a final 
concentration of 0.1%. The 'suspension was stirred at room temperature for 1 hour and centnfuged at 
25 000 Xg for about 1 hour. The supernatant was discarded and the pellet containing the protein was 
suspended in glycine buffer (50 mM gly-NaOH + 2 mM EDTA +5% glycerol) (pH 10.5). 10 ml buffer/gram 
of initial cell paste, using a Turrax homogenizer. until all lumps were gone. To this suspension was added 
Triton X-100 to a final concentration of 1%. bringing the final volume to 10 ml for every 1 gram of mitial cell 
paste. The suspension was stirred at 4*C for 1 hour centrifuged (25.000 Xg. 1 hour) and the supernatant 
discarded. The pellet containing D protein was dissolved in 8.M urea + 50 mM Tris (pH 8.0) at room 
temperature for 1 to 2 hours, then overnight at 4'C followed by centrifugation (25.000 xG. 1 houO ^ 
remove Insoluble contaminants. D protein remained in the supernatant. To the supernatant was added DTT 
to a final concentration of SO mM and the solution stirred for about 1 hr. at room temperature. The stin^d 
solution was then loaded onto a DEAE Fast Flow Sepharose column equilibrated v«th a solution of 8M urea 
and 50 mM Tris (pH 8). A maximum load ratio of 4 mg protein/ml gel and a minimum of 22 cm column 
length was maintained in this step. D protein was eluted with a 0 to 0.3 M NaCI gradient (over five column 
volumes or greater) in 8M urea. 50 mM Tris (pH 8). Purified 0 protein eluted In a broad peak centering 
around 0.1 M NaCI. Fractions containing the protein were dialyzed into a solution of 20mM Tns and 2mM 

EDTA at pH 8. • . ^ ^ , ^ 

The yield of D protein was about 23% of total cellular protein as determined by laser densitometrtc 

analysis of reducing SDS-PAGE gels. 
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CI 3, CI 3 short D short. A. C and AD proteins are similarly purifiable by the method herein described 
for the purification of D protein. 

Example 15. Further Purification of D Protein 



Following the elation of D protein-containing fractions from the DEAE Fast Row Sepharose columns 
described above in Example 14, the fractions were concentrated 15-fold (3.8 liters to 255 ml) on a Minisette 

10 tangential flow apparatus (Pharmada) equipped with a 500 cm^ Omega 10 membrane and screen channel, 
operated at 15-20 pounds per square inch transmembrane pressure at a cross flow rate of 1000 ml per 
minute. To the concentrate was added a 10-fold excess of sodium dodecyl sulfate (SDS) (Sigma Chemical 
Co.. St. Louis, MO. U.S.A.). that is, 10 mg SDS per mg of protein, and dithiothreitol (DTT) (Sigma Chemical 
Co.) to a final concentration of 50 mM. The solution was stin-ed at room temperature for ninety minutes and 

15 then loaded (16 cm per hour) onto a 2800 ml Superose 12 column (Pharmacia) equilibrated with a buffer 
(pH 8.0) containing 25 mM Tris-Qlycine and 1% SDS. The protein was eluted isocratically with the column 
equilibration buffer. Those fractions of adequate purity, as determined by SOS-PAGE and Western Blot 
analyses, were pooled. 

The pooled fractions described above were concentrated on a Minisette tangential flow apparatus 
20 described above. To the concentrated fractions was added a ten fold excess of SDS (10 mg SDS per mg 
protein) and DTT to a final concentration of 50 mM. The resulting solution was stirred for ninety minutes at 
room temperature. The solution was then loaded (16 cm per hour) onto a 2800 ml Superose 12 column and 
chromatographed under the same conditions as described immediately above. Eluted fractions were 
analyzed by SDS-PAGE and Western Blot analyses for purity. Those fractions of adequate purity were 
25 pooled. 

To remove SDS from the pooled fractions, the fractions were first concentrated on an Omega 10 stirred 
cell apparatus (Pharmacia), The concentrated sample was then loaded (25 cm per hour) onto a 1443 ml 
G25 Sephadex fine chromatographed column (Pharmacia) (4.4 X 95 cm) previously equilibrated with a 
buffer (pH 8) containing 50 mM Tris and 8 M urea. The columm was eluted isocratically at the same flow 

30 rate with the equilibration buffer. Fractions were collected, assayed for protein and SDS levels and then 
pooled to maximize recovery of the protein free of SDS contamination. 

Following SDS removal, the purified protein (approximately 90 % pure and virtually free of endotoxin) 
was dyalized against a buffer (pH 8) containing 20 mM Tris and 1 mM EDTA, Following dialysis, the sample 
was sterile filtered and stored at 4'C. To lyophilize the protein, the sample was dialyzed against 20 mM 

35 sodium bicarbonate, frozen in a dry ice ethanol bath and then lyophilized. Lyophilized protein was then 
reconstituted with a buffer (pH 8) containing 20 mM Tris and 1 mM EDTA. 



Example 16. T Cell Assay 

40 

The ability of the CI 3 protein to induce a cytoxic T ceil response In an in vitro assay was compared to 
that of other proteins also of A/PR/8/34 origin. The other proteins are herein identified as: 



C7 


(complete HA) 


Delta? 


(HA1 and 80 N terminal residues of HA2) 


C36 


(HA2) 


Delta 13 


(80 N terminal residues of NS1 and 80 N terminal residues of HA2) 


NS1 


(NS1) 


NS2 


(NS2) 


M30 


(NS1 and M) (See Example 1) 



55 Molecules comprising the coding sequence for each of these were derived as described by Young et 
al.. in The Origin of Pandemic Influenza Vimses , 1983. edit by W.G. Laver. Elsevier Science Publishing Co. 
and were expressed in pASIdeltaEH substantially as described above. Except for NS1. the proteins were 
produced substantially as descrit>ed in Example 3. Following resuspension of the bacterial pellet, lysozyme 
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ro 



16 



20 



treatment, sonication and centrifugation. the NS1 protein was contained in the supernatant rather than in the 
pellet. Recovery of NS1 was completed as described below. 

The supernatant was brought to 100 mM MgCb and stirred for one hour at 4 C. The solution was then 
centrifuged (15.000 rpm. 30 minutes) to pellet the NS1. The pellet was resuspended in buffer A (descnbed 
in Example 3) and again brought to 100 mM MgCl2 to reprecipitate the NS1 protein. Following a 
recentrifugation. the pellet was resuspended In buffer A and dialyzed against three one-liter changes of 10 
mM Tris-HCI. pH 7.5, 1 mM EDTA. The solution was then centrifuged again to remove any particulate 
material and the supernatant containing the NS1 protein was collected and used for assays. 

The cytoxic T cell assay was carried out substantially as follows. Spleen cells were Isolated from vinjs- 
immune or non-immune mice and cultured In vitro. Cells were subdivided and exposed to various antigens 
for 90 mins In vitro. The antigens were then removed by repeated washing of cells and the cells were then 
cultured for "5 days to allow expansion of stimulated populations. Stimulated cells, that is, effector cells, 
were mixed with virus-infected or un-infected P815 (mouse mastocytoma) target cells each of which had 
been pre-loaded with s^Cr. Significant release of s^Cr into the culture medium indicated a prerence of 
secondary cytotoxic T cells (2* CTL), which had been generated by the in vitro stimulation with antigen. 
The specificity of killing was examined In two ways: 1) target ceils infected with different viruses were 
tested for killing; and. 2) spleen cells were isolated from mice which had been immunized with different 
viruses The linearity of the assays was aiso examined using different targeteffector cell ratios and using 
different amounts of antigen, as indicated in the following table, which shows illustrative results. Results, 
listed below, indicate effector.target ceil ratios which were 30:1 ("30") and 10:1 ("10"). 

Values in the tables ai^e expressed as the percent of s^Cr released into the medium compared to the 
total amount of ^^Cr in cells as determined by detergent solubilization of ceils. Significant positive results 
are enclosed in boxes. Viruses used in the assays were: 



25 


A/PR/8/34 (H1N1) 


("PR8") 




A/Port Chalmers/1/74 (H3N2) 


("A/PC") 




Aara2iI/1/78(H2N1) 


("AmZ") 




A/Singapore/1/57 (H2N2) 


("A/Sing"). 



30 



TABLE 1 



STIMULATION OF 2* CTL RESPONSE BY E. 




COLI-DERIVED POLYPEPTIDES 




Antigen used for 2' 


PR8-P816 


Unlnfected-P815 


Stimulation 














30 


10 


30 


10 


PR8 




36.0 


27.2 


0.2 


-5^ 


CI 3 


24ug/ml 


10.7 


10.7 


0.5 


-4.4 




12ug/ml 


10.6 


8.1 


0.5 


-3.6 




6ug/ml 


9.5 


4.4 


1.4 


-4.1 


NSa 


24ug/ml • 


0.4 


2.8 


-4.0 


-2.7 




12ug/ml 


-1.8 


-1.5 


0.2 


-4.1 




6ug/ml 


-0.5 


-2.0 


-0,3 


-5.2 


M30 


24ug/ml 


-1.0 


-3.9 


-1.6 


-3.3 




12ug/ml 


-1 ,8 


-1.2 


-1.9 


1.1 




6iig/mi 


5.7 


-1.5 


-3.6 


-6.2 


None 




-2.7 


-4.1 


-4.7 


-4.0 



55 
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TABLE 2 



STIMULATION OF 2* CTL RESPONSE BY E. 
COLI-OERIVED POLYPEPTIDES* 


Antigen used for 
2* Stimulation 


PR8-P815 


Uninfected-P815 


30 


10 


30 


10 


PR8- 


60.5 


37.4 


6.7 


2.6 


NSi 


-5^ 


-8.7 


4.3 


0.0 


013 


15.0 


-1.1 


0.5 


-0.5 


A13 


-8.6 


-10.1 


-1.ci 


0.0 


A7 


-3.2 


-7.4 


2.9 


-0.9 


None 


-5.4 


-2.0 


1.9 


3.2 



" Spleen cells taken from PR8-immune mice were stimulated In vitro with 
antigens (5ug/ml). 

- PR8-lnfected syngeneic spleen cells. 

20 



25 



30 



35 



40 



45 



60 
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As indicated in the preceding tables, C13 induces a secondary cytotoxic T ceil response using immune 
spleen cells from mice previously infected with sublethal doses of PR8 virus. All other peptide derivatives 
that were studied, including NS1, delta/, delta13. M30. NS2 and C36. failed to induce such a response, as 

6 have certain hemagglutinin constructs. The response to the CI 3 peptide is dose dependent and levels from 
6 micrograms per ml through 24 micrograms per ml induced secondary cytotoxic T cell responses. 

The viral specificity of the observed responses is striking in that CI 3 stimulated immune spleen cells 
from mice previously infected with H1N1 virus but did not stimulate immune spleen cells in mice previously 
infected with H3N2 virus (A/PC). This is unlike the subtype cross-reactive cytotoxic T lymphocyte 

to responses observed when stimulating the same spleen cells with live virus due. at least In part, to the 
cross-reactive internal antigens. In addition, the stimulation by CI 3 is cross-reactive among vims strains in 
the H1N1 subtype; PR8 immune spleen cells stimulated by CI 3 in vifro were able to recognize and kill 
target cells infected with PR8 (H1N1 strain from 1934) as well as target cells infected with the A/Brazil 
{H1N1 strain of 1978) over a dosage range of 12 micrograms through 48 micrograms and at a high degree 

75 of cytotoxic activity. ^ . 

Based on substantial data showing that cytotoxic T lymphocytes appear to contnbute to recovery from 
influenza virus infection In mouse systems and that such lymphocyte responses can be detected in both 
rmmune mice and humans (see. Ennis et al.. Microbiology - 1984. pages 427-430, Amer. Soc. Microbi- 
ology), the ability of the CI 3 protein to induce such cytoxic T cells response across strains indicates its 

20 utility, and the utility of the HA2 immunogenic determinant to induce an immune response which will resist 
influenza virus infection; the response is semi-universal in that it is subtype, but not strain, specific. 
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Example 17. C13 T Cell Assay and Protection Studies 

This Example describes three studies in which BALB/c mice were immunized with CI 3 protein 
demonstrating that immunization induces protection against influenza infection via induction of CTL 

Hrst Study: Virus Specificity of CI 3 Immune Spleen Cells 

In the first study, four week old male BALB/c mice were given 300 ug of CI 3 protein intraperitoneally 
and repeat doses 3. 4 and 5 weeks later. (Prior experiments had indicated that complete Freund's adjuvant 
did not significantly enhance the level of CI 3 protein-induced CTL activity). One week after the fourth 
immunization, spleen cells of mice were isolated and cultured for in vifro stimulation with virus. Non- 
Immunized mice (controls) were infected intranasally with 100 plaque forming units (PFU) of A/PR/8 virus 4 
weeks prior to removal of spleen cells for in vitro secondary stimulation. CTL assays were carried out 
substantially as described in Example 4. above. Briefly. 3 x 10' spleen ceils from immunized or control 
mice were cultured with 3 x 10« syngeneic normal spleen ceils which had been infected with A/PR/8 or 
A/PC vinjs at a multiplicity of infection of 10 PFU per cell. After five days of culture these cells were used 
as effector cells. For target cells. 2 x 10^ P815 cells were incubated with A/PR/8 or A/PC virus at a 
multiplicity of infection of 10 PFU per cell in the presence of 250 uCi of ^^Cr, and 1 x 10* stCR-labeled 
target ceils were incubated with effector cells at the indicated ratios in a 96-well round-bottom microplate for 
4 hours. The supematant fluids were harvested and ^'Cr was measured. Percent specific lysis was 
determined as follows: percent specific lysis = (experimental release - minimum release) x 100/(maximum 
release - minimum release) where spontaneous release was determined by incubating P815 cells in 
medium, and maximum release by incubating P815 cells in 10% Renex 30 solution (Ruger Chem. Co.. NJ). 
E:T (effector/target) ratios varied from 3:1 ("3") to 200:1 (-200") as listed, and quadruplicate samples were 
tested at each E:T ratio. Results are shown in Table 5. below. 
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Table 5 



Virus Specificity of CIS Immune Spleen Cells Stimulated by A/PR/8 (H1N1) or 








A/PC (H3N2) Viruses 










STIMULATION 


PERCENT SPECIFIC LYSIS 


( in vivo ) 


( in vitro ) 


A/PR/8 (HI N1) 


A/PC (H3N2) 


Uninfected 


r-4- 


5- 


200 


60 


20 


200 


60 


20 


200 


60 


20 


c13 


A/PR/8 


30 


13 


5 


1 


0 


2 


-3 


-3 


-3 




A/PC 


-1 


3 


3 


0 


-1 


0 


1 


0 


3 




None 


2 


0 


-1 


0 


-1 


-2 


-4 


-3 


-3 


None 


A/PR/8 


0 


-2 


-1 


-1 


-1 


-1 


-4 


-4 


-3 




A/PC 


-1 


-1 


0 


1 


1 


0 


-1 


-3 


-1 




None 


0 


0 


2 


-1 


0 


2 


-4 


-4 


-2 


( in vivo ) 


( in vitro ) 


A/PR/8 (HI N1) 


A/PC (H3N2) 


Uninfected 


r 


2" 


25 


8 


3 


25 


8 


3 


25 


8 


3 


A/PR/8 


A/PR/8 


65 


32 


11 


59 


31 


20 


4 


6 


0 




A/PC 


32 


10 


8 


34 


16 


8 


-3 


-4 


-1 




None 


-1 


-2 


-3 


0 


-1 


-1 


-3 


-4 


-3 



Table 5 shows that the spleen cells of CI 3 immunized mice which were stimulated by A/PR/8 virus- 
infected normal syngeneic spleen cells in vitro were able to lyse A/PR/8 infected target cells, although to a 
lower degree than A/PR/8-immune effector cells stimulated by /V/PR/8 infected normal spleen cells, and 
they did not lyse A/PC (H3N2) virus infected target cells or uninfected target cells. No detectable CTL 
activity was found in CI 3 protein-immune spleen cells after stimulation by A/PC (H3N2) virus. Spleen cells 
of non-immune mice also failed to show CTL activity on any target cells after stimulation with virus in vitro . 



Second Study: Pulmonary Vims Titers of CI 3 Immunized Mice 



In the second study, the pulmonary virus titers of CI 3 protein immunized mice and non-immune mice 
were examined after challenge with A/PR/8 (H1N1) or A/PC (H3N2) viruses. One week after the fourth 
immunization (as in Table 5), mice were Intranasally challenged under ether anesthesia with A/PR/8 or A/PC 
virus at a dose of 5 X 10* PRJ. Four days latter the lungs were aseptically harvested for measurement of 
pulmonary virus titer. Harvested lungs were manually homogenized in 1.5 ml of PBS followed by 
centrifugation (2000g. for 15 min at 4* C). Supematants were frozen until they were titrated for virus. Madin 
Darby canine kidney (MOCK) cells were maintained in Eagle Minimum Essential Medium (MEM) containing 
100 ug/ml penicillin, 100 ug/ml streptomycin and 200 ug/ml L-glutamlne supplemented with 10% heat- 
inactivated fetal bovine semm, and were seeded (25 X 10* cells in 1 mg of MEM ) in 24 well tissue culture 
plates. Lung supematants were thawed and serially diluted in PBS containing 0.1% bovine albumin. After 
aspiration of medium from the wells, 100 ui of the diluted virus solution was added to each well and 
incubated at 37* C for 1 h with occasional agitation. Each well then received 1 ml of agar medium 
containing MEM. 0.1% D-glucose, 0.01% DEAE-Dextran. 1% vitamins (16-004-49; Row Laboratories, 
McClean. VA, USA), 10 ug/ml trypsin and 1% agar. After 2 days incubation in 5% COa at 37* C, 1 ml of 
10% neutral red in PBS was overlaid in agar In each well. Plaques were counted after 10 h incubation. The 
results are expressed as the mean logio PFU/ml of duplicate samples in Table 6, below. 
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Table 6 



10 



Pulmonary Vims Titer of C-13 Immunized Mice 


IMMUNIZATION 


RECIPIENTS 




VIRUS 
CHALLENGE 


VIRUS TITER 


c13 


A/PR/8(H1N1) 


3.8 1 0.9* 


None 


A/PR/8 


5.4 1 0.2* 


c13 


A/PC (H3N2) 


5.4 ± 0.2 


None 


A/PC 


5.0 t 0.3 



•P<0.005, determined by Student's t-test 
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25 



Table 6 shows that the C13-lmmunl2ed mice had significantly lower pulmonary virus titers of A/PR/8 
virus compared to virus titers in non-immunized mice. There was no significant difference In the pulmonary 
virus titers between C13 immunized mice and non-immune mice after A/PC (H3N2) virus-challenge. 

After A/PR/8-Iethal challenge Infection seven out of eight C13-immunlzed mice survived beyond day 60 
(last day of observation), but all non-immune mice were dead by day 7. This protection induced by C13 
protein reflects the specificity of lysis by the virus-stimulated C13 Immune spleen cells of A^R/S-inferted 
target cells in vitro, and the specific limitation of A/PR/8 virus replication in the lungs of mice which had 
been immunized by CI 3 protein. 

Third Study: CI 3 Immunized Mice Challenged with A/rAIWAN/1/86 



30 



35 



40 



In the third study, protection of C13 protein-immune mice against a recently isolated H1 subtype virus 
strain An-alwan/1/86 (H1N1) was also examined. An additional 200 ug dose of C13 protein was given 3 
weete after the fourth immunization (Table 5). One week later mice were challenged intr^asally with the 
An-alwan/1/86 (AAW/1/8e) virus strain (obtained from the Office of Biologies. U.S. Food and Drug 
Administration), at a dose of 1 X 10= PFU under ether anesthesia. Before challenge, serum was obtained 
from C13 protein-immunized mice for titration of neutralizing antibody. Four days after -nfecUon lungs of 
mice were removed for virus titrations as described for Table 6. Neutralizing antibody ^Qa^nst A/PR/8 v,ms 
was detemiined by a plaque assay in IVIDCK cells. Serially diluted pooled sera were prelncubated w^«i 20 
PFU of virus at 37*0 for 1 h and were titrated for virus, as for Table 6. The 50% plaque-neutralidng 
antibody titers were calculated. Pooled sera of mice which had been infected intranasally six weeks earlier 
with 100 PFU of A/PR/8 vims were included as a positive control. Results are reported in Table 7. below. 



Table 7 



Pulmonary Virus Titer of CI 3 Immunized Mice 




RECIPIENTS 


IMMUNIZATION 


VIRUS CHALLENGE 


VIRUS 
TITER 


NEUTRALIZING 
Ab Titer 


CI 3 
None 


fijvN/me (HIND 

/VTW/1/88 (HINI) 
N.D. 


2.5 t 0.9' 
4.1 t 0.3* 
N.D. 


<4 
.<4 
256 



•P<0.005, determined by Student's t-tesL 
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The results shown in Table 7 demonstrate that the C13 protein-immunized mice had significanth^ 
lung virus titers of An-aiwan/1/86 after challenge than did non-immune mice; however, neither the 
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protein-immunized nor control non-imnriune mice had serum neutralizing antibodies against A/PR/8 vinjs. 
This was expected because the HA2 subunit does not contain sites which induce neutralizing antibodies. In 
contrast A/PR/8 virus-primed mice, sampled as positive controls, showed high levels of neutralizing 
antibody titers. These results suggest that immunization with CI 3 protein induced protection against virus 
5 strains of the HI subtype from 1934 and 1986 tfirough the induction of CTL responses, and not by the 
induction of neutralizing antibody. These results demonstrate tiiat immunization witii a fusion protein which 
contains the HA2 subunit of influenza A (A/PR/S) virus induced protection against influenza A virus strains 
isolated over 50 years apart which have great diversity in hemagglutinin antibody specificities. 

10 

Example 18. Influenza Virus Specificity of D Protein Stimulated CTL 



To assess tiie virus specificity of the D protein-stimulated CTL at Uie clonal level, D protein-stimulated 
76 virus immune spleen cells were cultured for eight weeks In the presence of irradiated syngeneic spleen 
cells in 10% supematant fluid from Con A stimulated rat spleen cells. A limiting dilution of tiiis D protein- 
stimulated CTL line was performed to develop CTL clones, all as more fully described below. 

D protein was produced in recombinant E. coH substantially in the manner described for CI 3 protein In 
Example 3. above. Briefly, after lysis of Uie bacteria, two 0,1% deoxycholate extractions and one 1% Triton 
20 X-100 extraction were performed to remove contaminating E. cofi proteins, and the D protein was 
solubilized with 4M urea at 4* C for 30 min. The urea was tiien removed by dialysis at 4* C. The prepared 
protein was stored in 50 mM Tris-HCl, pH 8.0, 1 mM EDTA, 

Male BALB/c mice, 4-5 weeks of age, were immunized with 100 PFU of the virus intranasally under 
ether-anesthesia. The spleens of mice Immunized witii A/PR/8 were removed 3 or more weeks after 
25 immunization for In vitro stimulation. 

Rat interieukin-2 (IL2) was prepared substantially as described by Townsend et a[.. J. Exp. Med. 
160:552 (1984). Briefly, spleen cells from Lewis rats at the age of 2 months were adjusted to 2 X 10' 
iymphocytes/ml without lysing red blood cells and were incubated with Con A (Sigma Type III) (Sigma 
Chemical Co.. SL Louis, MO) at a concentration of 20 ug/ml at 37* C for 2 h. Spleen cells were washed 3 
30 times with PBS and cultured at 5 X 10* cells/ml in RPMI 1640 supplemented witii 10% fetal bovine serum 
(FBS) at 37* C for 48 h. The supematant fluid was harvested and frozen at -80* C after passing tiirough a 
0.45 um filter. 

Secondary CTL were prepared substantially as described in Examples 16 and 17. To stimulate virus 
immune-spleen cells with D protein, spleen cells were cultured with D protein at a concentration of 50 ug/ml 
36 for 1 h, and were then washed twice with medium. After 5 days of culture tiiey were used as effector cells 
In CTL assays. 

CTL clones were established as follows. Viable secondary CTL in bulk culture were separated on Rcoll- 
Paque (Pharmacia, Piscataway, NJ). Syngeneic gamma-irradiated (2O0O rad) spleen cells from non-immune 
BALB/c mice were pulsed witii D protein (100 ug/ml) for 1 h at 37* C. Viable recovered cells (20 X 10* 

40 cells/ml) were cultured with D protein pulsed gamma-inradiated spleen cells (300 X 10* cells/ml) In 10 ml of 
medium in the presence of 10% (vol/vol) crude rat IL2 and 5 X lO-^M 2-mercaptoethanol (2ME). This 
procedure was performed weekly to stimulate a CTL line. After 8 weeks of culture of tiiis CTL line, a limiting 
dilution was carried out to develop CTL clones substantially as described by Braciale, et al., J. Exp. Med. 
153:910 (1981). Briefly, tiie medium used In this procedure was RPMI 1640 supplemented witii 10% FBS, 

45 iuTtibiotics (100 U/ml penicillin and 100 ug/ml streptomycin), 5 X lO^^M 2-mercaptoetiianol (2ME) and 10% 
Con A-induced rat IL2. Viable responder cells (0.5, 1. 2, 4. 8 and 16 cells/well) were cultured In wells of 96- 
well flat bottom microtiter plates (Costar, Cambridge. MA) witii 1 X 10« syngeneic, D protein pulsed, 
in-adiated B/VLB/c spleen cell in 0.2 ml of medium. Stimulator cells were added every 7 days. As clones 
grew, tfiey were expanded in larger vessels such as 24 well tissue culture plates (Costar), 6 well culture 

so plates (Falcon, Oxnard, CA) or 25 cm^ tissue culture flasks (Corning, Coming. NY). 

P815 cells were used as target cells in siCr-release assays, which were carried out substantially as 
described above in Examples 16 and 17. 

Two clones, designated H-6 and B-7, were established from the culture of D protein-stimulated virus- 
immune spleen cells described above; clone H-6 grew from a well in which two responder cells had been 

55 seeded and clone 8-7 grew from a well in which 4 cells had been seeded. The cell surface phenotype of 
tiiese clones are Thy 1.2* and Lyt 2*. These CTL clones are restricted by ttie H-2'* haplotype. because 
tiiey lyse A/PR/8 infected P815 (H-2**) cells, but not A/PR/8 infected MC57G cells (H-2*') or A/PR/8 infected 
BW51 74 cells 
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TO 



AS shown in Table 8 below, these CTL clones exhibit cross-reactive cytotoxic ^^^^'^y^ fSf ^^^et 
cens^nfected with virus strains of the H1N1 (A/PR/8 and A/B2) subtypes and H2N2 (MA^su^t^pe; 
Svivrtey feiled to iyse target ceils infected with H3N2 (A/PC) subtype virus or influenza B (B/HK virus. 
Slese clo^^^ demonstrate cross-reactive lysis of target cells infected with HI or H2 subtype v.ruses 
S is Sent from the specificity of the secondary CTL observed in bulk cultures where the predominant 
Sin^is de^^^^^^ targef cells infected with virus of the HI subtype, and little or no lysis .s observed on 
cens infected with virus strains of the H2 subtype. Such cross-subtype response was unexpected 
^se it indicates that the vaccine of the invention can confer protection not only agamst all strains within 
a subtype but also across, at least certain, subtypes. 

Table 8 
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Virus Specificity of CTL Clones in Vitro 



Percent specific Cr release from target cells 



CTL 








P815 (H-a**) 






Clone 


ratio 


















A/PR8 


A/BZ 


A/JAP 


A/PC 


B/HK 


Uninfected 






(H1N1) 


(H1N1) 


(H2N2) 


(H3N2) 






H-6* 


1.0 
0.5 


56 . 
38 


49 
33 


53 
35 


10 
2 


3 
3 


-3 
1 


B-7*' 


1.0 
0.5 


65 
47 


68 
56 


42 
30 


0 
-1 


2 
0 


0 
-1 



acione H-6 expresses 94% of Thy 1.2. 86% of Lyt2 and 5% of L3T4 surface antigens, 
"Clone B-7 expresses 97% of Thy 1 .2. 95% of Lyt2 and 0% of L3T4 surface antigens 
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In Vivo Effector Function of ttie H-6 CTL Clone 

The H-6 CTL done was then adoptively transferred to mice. Cells (2 X 10«) suspended in OS rnl RPMI 
1640 were transferred intravenously via the tail vein into mice 6 hours before virus challenge. The lungs of 
^ctTrZe Z!eremo.e<i 3 days later and were homogenized to determine virus tters by plaque 
formation substantially as described in Example 17. above. ^ • i« 

Se 9 below, shows that adoptive transfer of this CTL clone significantly reduced the virus «ers In the 
lungs of mice infected with vims strains of the Hi (A/PR/8) and H2 (/VJAP) subtypes, but no those inferted 
the H3 (A/PC) subtype or type B influenza virus. These results indicate that this CTL clone which had 
Sen^mulated t^y the 0 protein and is specific for the HA2 subunit of HI and H2 viruses, con erred 
^Sec^orinlvo. ^his conLs the predictive value of the in vtoo CTL activity of the clone against target 
cells infected with HI or H2 viruses. 



46 



Cold Target Inhibition Study 

- To assure that the antigen specificity of D protein is equivalent to that of ^13. cold-target inhibi^^^ 
so exponents were performeS using the D-protein stimulated B-7 CTL clone. ^^^'^^^^'"Jj^^^^f^^^^^^ 
cens was inhibited by both C13 and D protein-coated cold target cells, as well as by A/PFV8 vims infected 
Sd^get cells. InhLon of lysis of CIS protein-coated s-Cr-labeled '^'^^l^'l^^.^^Zt^^to^ 
MPWQ vims-infected C13 or D protein coated target cells. In both cases, neither A/PC-in ected coW togets 
uninterted cold-target cells competed with the -Cr labeled target cells. These results indicate that the 
ss D protein has the same antigenic specificity as C13 protein. 
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TABLE 9 



Virus specificity of pulmonary virus reduction 
in vivo by CTL clone H-6 


CTL Clone H-6 
transferred® 


Recipients 


Virus challenge 


Virus titer In 
lungs** 


+ 


A/PR/8 (H1N1) 


5,0 ± 1.0 




A/PR/8 


6.9 ± 0.1« 


+ 


A/JAP (H2N2) 


2.6 ± 0.3 




A/JAP 


3,7 ± 0.4** 


+ 


A/PC (H3N2) 


4.2 i 0.3 




A/PC 


4,1 ± 0,1 




B/HK 


4.2 ± 0.4 




B/HK 


4.7 ± 0.5 



®2 X 10^ cells were transfen-ed 6 hours before virus challenge. 

''3 days after virus challenge, lungs were taken and virus titers were 

examined by plaque assay in MDCK ceils. 

«P<0.05 detennnined by Student's T-test, 

**p<0.02 determined by Student's T-test, 



Example 19. Additional Peptides 



Recombinant peptides additional to D protein were produced In recombinant E. coll and tested in the 
CTL assays substantially as described above. These peptides are listed in Table 10 below. Table 10 also 
lists the number of the first and last HA2 amino acids in the antigen and whether or not the antigen was 
35 positive { + ) or negative (-) in the T cell assays, pi 3 and D protein are listed for reference. Amino acids are 
designated by one-letter symbols. Biochemistry 2nd Ed., A.L Lehninger (1977). 

Table 10 



CI 3. D protein and Derivatives 


Protein 




CTL 






Activity 


CI 3 


NS1(i^irD-L-S-R-HA2(i,222) 


+ 


0 


NS1 (i^irQ-l-P-HA2<65-222) 




CI 3 short 


NS1 (i,42rM-£>L-S-R-HA2<i,222) 


+ 


D short 


NS1(iu»a)-M-D-H-M-L-T-S-T-R-S-HA2(66-a22) 


+ 


A 


NS1 (i,8i)-Q-i-P-HA2(69,a22) 


+ 


C 


NS1(i,8irQ-l-P-HA2<8i^) 


+ 


AO 


NS1 o.8irQ-l-P-V-HA2(iso^ 




A13 


NSl(i,8irD-L-S-R-HA2(,.7orS-C-L.T-A-Y-H-R 




M 


NS1(i,8i)-0-l-P-HA2(85.ifl8)-G-G-S-Y-S-M-E-H-F-R-W-G-K-P-V 




AM 


NS1(i.8irQ-l-P-HA2{6s.i98rG-G-S-Y-S-M-L-V-N 
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Example 20. In Vivo Induction of Antiviral CTL 



In the following example, D protein, delta M protein and delta M+ protein (described above in 
5 Examples 4. 12. and 13. respectively) were tested for their ability to induce antiviral cytotoxic T- 

lymphocytes In vivo. ^ . 

Mice ((Bafb/Tx C57Bl76)Fi) were immunized with D protein, delta M protein or delta M+ protein in 
complete Freund's adjuvant (CPA). D protein was purified according to Example T5 (purity around 90%). 
Delta M protein and delta M+ protein were each purified according to the method described for the 
10 purification of CI 3 protein in Example 3, above (purity around 50%). 

For each antigen tested, mice were divided into* three groups (3 mice per group), the first group 
receiving 10 ug total protein, the second group receiving 50 ug total protein, and a control group receiving 
CFA only. Each mouse received two injections, one at the base of the tail (0.1 ml) and one in the hind foot 
pad (0.1 ml). One week after the Injections, lymph nodes surrounding the injection sites were removed from 
each mouse. Nodes from all mice in a group were pooled. Single cell suspensions were prepared by 
passing the lymph nodes through a stainless steel mesh. The resulting cells were washed twice and 
resuspended in complete medium (RPM1 1640 + 10% Fetal Calf Serum, 2 glutamine. 10 mM Hepes 
buffer 5 X 10"SM 2-mercaptoethanoI. penicillin and streptomycin). 

Immune lymph node cells (6 x 10^ cells) were stimulated with 10^ A/PR/8 infected nonmal spleen cells 
(as described below) for 5 days at 37* C In 6% CO2. Cultures were set up in 24-well plates, 2 ml total 
volume per well. The cultured cells ("CTL effector cells ) were then harvested, washed twice, and 
resuspended in complete medium at appropriate concentrations for the CTL (chromium release) assay 

described below. r-a-rot 

To prepare virus infected stimulator cells, spleens were asceptlcally removed from (Balb/c x C57BL/6>- 
Fi mice and teased through a stainless steel mesh to prepare single cell suspensions. Red blood cells were 
lysed by hypotonic shock. Cells were washed twice and resuspended in complete medium at 6 x 10« ceils 
per ml Cells were infected with A/PR/8/34 virus (around 20 plaque forming units (PFU) per ceii) for one 
hour at 37* C in 5% CO2 with gentle shaking at 15 minute intervals. {A/PR/a/34 (H1N1) and B/Lee/40 
Influenza viruses were grown in 9 day old embryonated chicken eggs for 48 hours. Allantoic fluid from 
infected eggs was harvested, pooled, and stored in aliquots at -70C). Cells were then washed twice and 
adjusted to 1 X 10^ cells/ml in complete medium. 1 ml of the infected cell suspension was added to wells 
containing 6X10^ irinmune lymph node cells. 

The CTL assays were performed as follows. P815 cells (a mastocytoma line derived from DBA mice, 
maintained in suspension culture in Eagle's Minimum Essential Medium (MEM) supplemented with 10% 
fetal calf semm and 2 mM glutamine) in log phase of growth were used as target cells in the chromium 
release assay. P815 cells were labelled with NaaCrOi (Cr«^) (300 uCi per 10' cells) in the absence of 
serum for 30 minutes at 37* C. 6% CO2. Virus (around 10 PFU per ceil) was then added 'and the incubation 
continued for an additional hour. Ceils were then washed twice, resuspended in complete medium (1-2 X 
106 cells per ml) and reincubated for 3.5 hours at 37' C. After washing the cells twice, they were adjusted 
to 1 X 105 cells per ml and 0.1 ml thereof added to round bottomed microwells (96 well plate) containing 
0.1 ml CTL effector cells so that the final effector to target cell ratios were 50:1, 25:1; 12.5:1; and 6.25:1 (all 
set up in triplicate wells). The plates were centrifuged for 5 minutes at 600 rpm and then incubated for four 
hours at 37* C in 5% CO2. The amount of ^^Cr released was measured by sampling 0.1 ml of supernatant 
fomi each culture for counting in a gamma counter (Beckman Instruments Gamma 8000). 
45 Percent cytotoxicity was calculated by the fonnula (E-C^T-C) X 100 where E = counts per minute 
released In the presence of effector cells, C = counts per minute released by target cells incubated with 
0.1 ml complete medium (spontaneous release) and T = total counts per minute per well. For total counts 
per minute. 0.1 ml target cells were Incubated for 3.5 hours with 0.1 ml 1% sodium dodecyl sulfate and the 
contents of the well mixed before sampling 0.1 ml. 
50 In conducting the proliferation assay, cells from immune lymph nodes (0.2 ml) were added to flat 
bottomed wells of a 96 well microtiter plate at 4 X 10^ cells per well. Cells were stimulated with 10 ug per 
ml of D protein (90% purity) for 72 hours at 37* C in 6% COa. (Stock preparations of the D protein were 
appropriately diluted with 5% dextrose in water before adding 25 ul per well.) The wells were then pulsed 
With 3H thymidine (1 uCi) for the final six hours of culture and then collected onto filters with an automabc 
55 cell harvester (Scatron) for scintillation counting. 
Results are presented in Table 1 1 . below. 
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Table 11 



5 



IS 



20 



In vivo CTL Induction 






% Specific Lysis" 






A/PR8 


B/Lee 




(In 
Vivo 
Protein 
) 


Dose 


12:1 


25:1 


50:1 


12:1 


25:1 


50:1 


0 


10 
50 


29 
22 


35 
30 


36 
38 


7 
4 


8 
5 


8 
8 


. AM 


10 
50 


7 
19 


19 
25 


24 
33 


6 
3 


10 
11 


13 
19 


AM + 


10 
50 


25 
48 


38 
52 


51 
54 


1 
6 


<1 
5 


4 
3 


CFA 




1 


12 


16 


7 


6 


5 



•Represents percent cytotoxicity against virus-infected target minus percent 
cytotoxicity against uninfected target. Responses are positive when % specific 
lysis is greater than or equal to two-fold that seen in cells from mice Imm nized 
with CFA only. 



The data show that delta M + protein effectively induced a Type A specific cytotoxic T-lymphocyte 
response at both doses (10 ug and 50 ug) tested. Delta M protein induced a positive CTL response at the 

30 higher dose (50 ug) although the CTL activity was not solely directed against the Type A infected targets as 
type B infected targets were also killed. Because CTLs directed against similar recombinant influenza 
proteins (Kuwano et al.. 1988. J. Immmunol. 140:1264-1268) or against virus (Yap et al., 1978 Nature 
273:238-239) can adoptively transfer protective immunity in the mouse model and, further, are believed to 
play a role in viral clearance of human influenza vims (Mcl\/lichael et al., 1983. N.Engl, J. Med. 309:13-17). 

35 either of these two proteins are candidates for a human influenza vaccine. 

Cells from mice immunized with either D protein, delta M or delta M + were also tested for proliferative 
response to 10 ug/ml D protein in vitro . The response of all groups was strongly positive (P <0.001 by the 
two-tailed Student's T-test vs. the response In the CFA control group). In vitro proliferation in response to 
influenza derived proteins is an established property of T helper cell clones which can augment or support 

40 influenza-specific antibody production by B cells (Scherle and Gerhard, 1986. J.Exp. Med. 164:1114-1128). 
Since production of neutralizing antibodies can be facilitated by helper T cells in vivo (Scherle and Gerhard. 
1986. supra, and 1988. PNAS 4446-4450; Tite et al., 1988 J. Immunol 141^:3980-3987) proteins which 
induce celts with potential T helper cell activity are also considered candidates for human vaccine 
immunogens. 

45 The invention and its preferred embodiments are fully disclosed above. However, the invention is not 
limited to such specifically disclosed embodiments. Rather, it encompasses alt modifications and variations 
coming within the scope of the following claims. 

so Claims 

1. A vaccine for stimulating protection in animals against infection by influenza virus which comprises a 
polypeptide, otiier than an HA protein, having an immunogenic determinant of ttie HA2 subunit of an HA 
protein. 

55 2. The vaccine of claim 1 in which a first polypeptide having the immunogenic determinant of ttie HA2 
subunit is fused to a second polypeptide. 

3. The vaccine of claim 2 in which the first polypeptide has an immunogenic determinant of tiie HA2 
subunit of the HA protein of one or more of ihe HI, H2 and H3 subtypes of type A influenza virus fused to a 
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second polypeptide which causes the HA2 subunit to assume an Immunogenic configuration. 

4. The vaccine of claim 3 in which the second polypeptide comprises N terminal amino acids of the 

NS1 protein. • . . * x Ktc< 

5. The vaccine of claim 3 wherein the second polypeptide comprises ammo acids 1 to 81 of N51. 
5 6. The vaccine of claim 3 wherein the second polypeptide comprises amino acids 1 to 42 of NS1. 

7 The vaccine of claims 5 or 6 wherein the first polypeptide comprises any of the peptides comprising 
amino acids 1 to 222 of the HA2 subunit; amino acids 65 to 200 of the HA2 subunit: amino acids 65 to 222 
of the HA2 subunit; amino acids 66 to 222 of the HA2 subunit: amino acids 69 to 222 of the HA2 subunit; 
amino acids 81 to 222 of the HA2 subunit; or amino acids 150 to 222 of the HA2 subunit. 
10 8. The vaccine of claim 1 in which the immunogenic determinant Is carried on any of CI 3 protein. D 
protein. A protein. C protein. AD protein, D short protein. CI 3 short protein. AM protein, and AM+ protein. 

9. A polypeptide, other than an HA protein, which comprises an immunogenic determinant of the HA2 

subunit , . w «. 

10. The polypeptide of claim 9 which comprises r> first polypeptide having the immunogenic deter- 

15 minant of the HA2 subunit fused to a second polypeptide. 

11 The polypeptide of claim 10 wherein the first polypeptide has an immunogenic determinant of the 
HA2 subunit of the HA protein of one or more of the HI. H2 and H3 subtypes of type A influenza virus 
fused to a second polypeptide wich cause the HA2 determinant to assume an immunogenic configuration, 

12. The polypeptide of claim 11 in which the second polypeptide comprises N-terminai amino acids of 

20 the NS1 protein. ^ * ^* 

13. The polypeptide of claim 11 wherein the second polypeptide compnses amino acids 1 to 8i or 

^^^^4. The polypeptide of claim 9 wherein the second polypeptide comprises amino acids 1 to 42 of NS1, 

15 The polypeptide of claim 9 wherein the first polypeptide comprises any of the peptides comprising 
25 amino acids 1 to 222 of the HA2 subunit; amino acids 65 to 200 of the HA2 subunit; amino acids 65 to 222 

of the HA2 subunit; amino acids 66 to 222 of the HA2 subunit; amino acids 69 to 222 of the HA2 subunit; 
amino acids 81 to 222 of the HA2 subunit, and amino acids 150 to 222 of the HA2 subunit. 

16 The polypeptide of claim 9 wherein the immunogenic determinant is canied on any of CI 3 protein. 
D protein. A protein. C protein. AD protein. D short protein. 013 short protein. AM protein and AM + 

30 protein. . . ^ • j 

17. A protein selected from C13 protein. D protein, C13 short protein. D short protem. AM protein and 

AM + protein. ^-r 
18 A DNA molecule comprising a coding sequence for any of the polypeptides of claims 10 to 17. 

19. A plasmid selected from pC13. pD. pC13 short. pD short. pB4 + . pC13(H65-196)AMSH and pC13- 
35 (H66-2506). 

20. A microorganism or cell transformed with the DNA molecule of claim 18. 

21. E. coli transformed with the DNA molecule of claim 18. 



Claims for the following Contracting States: ES; GR 

1. A process for preparing a hybrid polypeptide which can stimulate an immune response in an animal 
to infection by influenza virus which comprises expressing, in a microorganism or cell, a nucleotide 
sequence encoding (1) a peptide conresponding to an immunogenic determinant within a region bounded 
by amino acid 64 and amino acid 222 of the HA2 subunit of the influenza vims hemagglutinin protein and 
(2) a polypeptide which causes said peptide to assume an immunogenic configuration, isolating said hybnd 
polypeptide and combining the hybrid polypeptide so isolated with a pharmaceuticaily acceptable carrier. 

2 The process of Claim 1, wherein the immunogenic determinant lies within the region bounded by any 
of amino acids 65-200. 65-222. 66-222. 69-222. 81-222 and 150-222 of the HA2 subunit of the influenza 
virus hemagglutinin protein. 

3. The process of Claim 2 wherein the polypeptide which causes said amino acids to assume an 
immunogenic configuration comprises amino acids 1-81 of influenza virus nonstructural protein 1. 

4. The process of Claim 2 wherein the polypeptide which causes said amino acids to assume an 
immunogenic configuration comprises amino acids 1-42 of influenza vinjs nonstructural protein 1. 

5. The process of Claim 2 wherein said amino acid sequence of the HA2 subunit is derived from any of 
55 ihe HI . H2 or H3 subtype of Type A influenza virus. 



40 
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|AT<WATCCAAACACTCTCTCAAGCTTTC*£CTJUUTT CCr '! t Clf 1U ;CATCTCCCCAAA 
|TJ^CTACGTrrCTGACACAGTTCGAAAGTCCATCTAACCAAAGAAACCGTACXC»^ 
lM«cAspProAJoThrV«lS«cS«rPh«ClnValAspCy«Ph«L«uTrpHisV«lAr9Lys 
CCACmCMACCAAG^^ 

ArgV«lAl«AspClACIuL««GIyA«pAI«PrePh«t«oA«pArgUaAr9Ar9AspGla 
AAAT^^TAAGAGGAACGGGCAC^ 

trrAGCGArrCTCCTTCCCCGTCCTGA<»ACCJUUCCrGTiUXTCT(nC^ 

LyaSttrX.«uAcgGlyAr9GlyS«cThrLmGlyL«uAspZl«ClaThrAl«ThrArqAU 

C SAAA C C*CX TACTCCACCC CXTTCTC AAX C AJ«aUtCCCATCJtf»CAOT 

ccrrrcutc TATCAccTCCCCTAAo c i I xci icr i jukctjictccctqIxttwactcc 

ClyLysClnZl«v«lGlttAr9Xl«L«uI*ytaiaGluS«rAspGluAlatwLysK«cThr 



TAG AAfiAC ACGTC1 SCAGATAAACCTCGCTrAACGGCCAAAATAACTTCCCCCTACCTCA 



M«C^apL«j StAx^ 31yL*uPh«<;iyAl«IlttAXaGlyPttttZl«Glu61yClytrpThc 



GSAMGATA6MGCATGGM 

CCTTACTATCTACCTACCATGCCAATACTACTACTCTtA C l lUr C L CTAGTCCCATACCT 
61yM«eZl«A«pGlyTrpTyrGlyTyrBURisGlnA»aGluClnGlyS«rGlyTyrAla 
CCCGATCAAA AAAGCACACA AAATGCa^rrAAC^^ 

CCCCTA an 1 1 XiC CT C T C I it lACCCTAATTCCCCTAA im f IGI I CCACTTCACACAA 
Al«AspGlntysS«rTlirGlnAsnAl«Il«A«nGlyZlttThrAsnLysV«lJUnS«rV«x 
ATCSACAAAATGAACA T T CAATTCACA<CT CTGCGTAAACA^ 

TACCTCTTTTACTTCTAA<OTAACTCTCCACACCCATTTCTTAAOTCTTrAATCT^^ 
Zl«GlotysltetAaAZX«GInPh«T1urAl«V«XGlyLy«Clarh«A3nLysL«uGltxLys 
yWUTC SAAAATTTAAATXAAAAACTT GATCATGC^ 
tCCTACCTTTTAAATTTATTTTrrCAACTACTACCTAAA 

ArgH«tCHiA«nL«uA«nr,y»ty»V«lA«pA«pGlyPh«L«iA«pZl«TrpThrTyrAjfi 
OACAATTCTTACTT^^ 

CCTCTTAACAATCAACATCACCTTTTA Cl 1 ZOIAU ACACCTAAACCTACTGACTTTACAC 
Al«GluL«ut«uV«U,«uZ^uGluA<nGlaAr9ThrX,«uA*p9li«BisA«pS«rAsnV«l 
A ACAATCTCT ATCA CAAACT AAAAACCCAATTAAACAATAATGCCAAACAA^ 
rTWTT*UAi:ATACTCTTTCATTTrr5sgfr^ 

Ly«A«nL«uTyrGluLysV«It.ysS€rGlnL«uLysAsaAsnAlALyiGIuZl*ClyAsn 

CCATCTTTTC ACrrCTACCAC AACTCT CACy^TCAATGCATCCAAACT^ 

CCTACAAAACTCAACATCCTGTTCACACTGTTACTTACCTACCmCACATTCTTT^ 

GlyCysffh«GluPhttryrHisLysCysAjpAAnGIttCy9M^GIuS*rV«lArqA4nGly 

A CWATGATTATCC CAAATATTCACAAGACTCAAACTTCAACACCGAAAACCTAGATCCA 

TCAATACTAATACCCrtTATAACTCrrCTCACrTTCAACTTCTCCCTTTTCCATCTACCT 

TbrTyr AsptyrP roLy ■TyrS«r<iloGluS«r Ly sLauAanArgGluCy • v« 1 AspGly 

CTGAAATWAATCAWCCCCAT^^ 

CACTTTAACCTTACTTACCCCTAGATACtCTAACACCCCTA<a^TCACTTCACACCCCTCA 

VaU.yaL«uGluSttrlteCGlyZl«TyrGlnZl«L«uAl«Xl«TyrS«rTnrV«iAla5«r 

TC ACTCCTCC TTrrCCTCTC CCT GCCGCCAATCACTTTCTCCATCTCTTCTAATCGATCT 

ACTGACCACGAAAA C CACACGCACCC CCC TTACTCAAAGA C CyACAaU^TTACCTACA 

S«rt«uV«lI^uL«uV«lS«rl«uClyAl«Zl«S«rPh«Trp««tCyaS«rA«nCXyS«r 

TTCCACTCCACAATATCCA TCTCA 

AACGTCACGrCTTATACGTACACT 

L«tiCXfiCy«ArgZ I«Cy aff« tnd - 
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AT^TCCAAACACTGTGTCAACCTTTCAGCTACATTCCTTTCTTTW 
TACaAGGTTTGTCACACACTTCGAn 

witAapProAsnThrV^ I S«rS«rPh«G I nV« I A«pCy «Ph«L«uTrpH 1 sV» I ArgLy » 

cgacttgcagaccaagaactacgtgatgccccattccttgatcggcttcgccc^ 
gctoacgtctggttcttStccactk 

ArgVi I A I aAspG I nG I uL«uG I yA«pA I aPpoPh^L^uAgpApgL^uAr gArgAspG I ft 
AAATCCCTAAGACGAAGGGGCAGCACTCTTGGTCTGGACATCCAGACAGCCACAC6TGCT 
TTWGGATTCTCCTTCCCCCTCCTGA^ 

L/ sS^rtttuArgG I yApgG t yS«pThpLttuG t yLsuAspX I mO I uThr A t sThpApgA I ■ 

cgaaagcacatactggagcgcattctgaaagaagaatccgatcaggcacttaaaatcacc 
cctttcgtctatScctcgcctaagacttt^ 

G I yty sG I nl I •Va I G t uApgl t aLauLy sG t uG I uS«pAspG I uA I aLAuLysMctThr 

ATCfcACATCCCCfcCTGTGGGTAAAGAATTCAACAAATTACAAAAAACGATGGAAAATTTA 

TAC STCTAGGGC :GACACCCATTTcfrAAGTTGTfrAATCTTTT^ 

U«t SI nl I •Pro ^ I aV« I Gl yLysG t uPh«AsnLy aL«uG I uLy sArgM«tG t uAsnL«u 



AATAAAAAAGTTCATGATGGATTTCTGCACATTTGGACATATAATGCAGAATTGTTAGTT 

TTATTTTTTCAACTACTACCTAAAGACCTGTAAACCTGTATATT^ 

Asnty sLy sVa I AspAspG I yPh«L«uAspI I •TrpThpTy r AsnA I aG I uLauL«uVa I 

ctactcgaaaatcaaaggactctggatttccatcactcaaatgtgaacaatct6tatgag 
gatSgcttttactttcctgagacctaaa^ 

L«uL«uG I uAsnG I uArgrhrL«uAspPh«H \ sAspS«pAsnVa I LysAsnt«uTy pG t u 
AAAGTAAAAAGCCAATTAAAGAATAAtGCCAAAGAAATCGGAAATGGATGTTTTGAGTTC 

tttStttttcggttaatttcttattacg^ 

Ly sVa I Ly sS«rG I nL«uLy sA^nAanA ( «Ly sG t ul I aG I y AsnG I yCy sPh«G t uPh« 

taccacaagtgtgacaatgaatgcatggaaagtgtaagaaatgcgacttatgattatccc 
atg6tgttcacactgttacttacctacc 

TypHSaLysCysAspAanGtuCysM«tGluS«pVatApgAsnGlyThpTypAspTypPpo 

aaatattcagaagagtcaaagttgaacagggaaaaggtagatggagtgaaattcgaatca 
tttJSaagtcttctcactttc^ 

Ly sTypS^pG I uG t uS«pLyaLttuAanApgG I uLy sVa I AspG I y Va t Ly sLauG I uS«p 

ATGGGGATCTATCAGAnCTGGCGATCTACTCAACTGTCGCCAGTTCACTGCTCCTTTTG 
TACCCCTAGATACTCTAAGACCGCT^ 

U*taiy Z I ttTy pG r nl I «LauAiaZ I ^Ty pS^rThrVa I A t aS«pS«pLauVa I L«uLau 

GTCTCCCTGGGGCCAATCACTTTCTGCATGTGTTCTAATGGATCTTTGCAGTCCACAATA 

CAGACGGACCCCCGTTAGTCAAAGACCTACACAAGATTACCTACAAACGTCACOTCTTAT 

Va i SapL«uG I yA I al I •SapPh«TppM«tCy sS^pAsnG I y S«pL«uG t nCy sArgI I • 

TGCATCTGA 

ACCTAGACT 

CyaZUEnd - 
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ATCCATCCAAACACTGTCTCAACCTfTCAGCTAGATTCCTTTCTTTCCCATCTCCGCAAA 

TACCTAGGTTTCTCACACACTTCGAAAGTCCATCTAAGGAAACAAACCGTACAGGCGTTT 
/ 

UctAspProAsnThrVa I S«rS«rPh«G I nVa I A9pS«rPh#L«uTrpH i sVa I AryL/s 

CGAGTTCCAGACCAACAACTAGCTCATGCCCCATTCCTTCATCGGCTTCCCCGACATCAC 

GCTCAACCTCTGCTTCTTGATCCACTACGGGCTAACGAACTAGCCCAAGCGGCTCTAGTC 

ArgVa I A I tAspG I nG t uL«vG I x AspA I aProPh«L«uA*pArgL«uArgArgAspG t n 

AAATCC ATGCATCTCrCCAGA SCTCTATTTGGACCCATTCCCCGTTTTATTGAAGGGGGA 

TTTACC TACCTAGAC^GGTCl CCACATAAACCTCGGTAACCCCCAAAATAAC^ 

Ly s^r U^tAspUttu l«r/rs G t yL«uPh«G t yA UI I •A I aG lyPh«1 1 cG I uG t yG I y 



TGGACTGCAATCATAGATCCATCCTACCGTTATCATCATCAGAATGAACACGGATCAGGC 

ACCTCACCTTACTATCTACCTACCATGCCAATAaTAGTAGTCTTACTTGTCCCTAGTCCG 

TrpThrG I yM«tI I wAspG I yTrpTy rG I y Ty rH i sH i sG I nA«nG I uG I nG I y S«rG I y 

TATGCAGCGGATCAAAAAACCACACAAAATCCCATTAACGCGATTACAAACAACCTCAAC 

ATACGTCGCCTAGTTTTTTCCTGTGTTTTACGGTAATTGCCCTAATGTTTGTTCCACTTG 

Ty rA I sA I aAspG I nl.ysS«rThrG I nAsnA J »I t •AsnGt yl I •ThrAsnLysVa I Asn 

TCTGTTATCGACAAAATGAACATTCAATTCACAGCTGTGGGTAAAGAATTCAACAAATTA 

AGACAATAGCTCTTTTACTTGTAAGTTAAGTGTCGACACCCATTTCTTAACTTGTTTAAT 

S«rVa 1 1 1 •G I uLy sMetAsnl I eG I nPH«Thr A I aVa I G ly LysG 1 uPh^AanLy sLou 

CAAAAAAGGATCGAAAATTTAAATAAAAAAGTTGATCATGGATTTCTGCACATTTGCACA 

CTTTTTTCCTACCTTTTAAATTTATTTTTTCAACTACTACCTAAACACCTGTAAACCTGT 

GluLyaArgM«tCluAsnC*uAsnLy*LysVa IAspAapGtyPh«L«uAapI l«TrpThr 

TATAATGCACAATTGTTAGTTCTACTGGAAAATGAAAGCACTCTCCATTTCCATGACTCA 

ATATTACCTCTTAACAATCAAGATGACCTTTTACTTTCCTGAGACCTAAACGTACTGAGT 

TyrAsnAI aGluL«uL«uVa lL«uL«uGI uAsnGluArgThrL«uAapPhaH i sAspS«r 

aatgtgaagaatctgtatgagaaagtaaaaagccaattaaagaataatgccAaagaaatc 
ttacacttcttagacatactctttcatttttcggttaatttcttattacggtttctttag 

AanVa I Ly sAsnL^uTy rG I uLy aVa I Ly sS«rG I nL^uCy sAanAanA I aCyaG I ul t « 

CCAAATCCATGTTTTGAGTTCTACCACAAGTGTGACAATGAATGCATGGAAAGTGTAAGA 

CCTTTACCTACAAAACTCAAGATGGTGTTCACACTGTTACTTACCTACCTTTCACATTCT 

G lyAanG lyCy aPhttG t uPh*Ty rH • aLy sCy aAapAanG ( uCy sM«tG I uSerVa I Arg 

AATGGGACTTATGATTATCCCAAATATTCAGAAGAGTCAAAGTTGAACAGGGAAAAGGTA 

TTACCCTGAATACTAATAGGCTTTATAAGTCTTCTCAGrrrCAACTTGTCCCTTTTCCAT 

AanC I yThrTyrAspTyrProUy sTyrSerG I uG I uS«rLyaL«uAanArgG I uLy sVa I 

GATCGAGTCAAATTGGAATCAATCGGCATCTATCA6ATTCTGCCGATCTACTCAACTGTC 

CTACCTCACTTTAACCTTAGTTACCCCTAGATAGTCTAAGACCGCTAGATGAGTTCACAG 

AapG I y Va I Ly aCauG I uS«rM« tG I y Z I aTy rG 1 n 1 1 aLauA I a 1 1 «Ty r S«r ; n r Va I 

GCCAGTTCACTGCTCCTTTTGGTCTCCCTGGGGGCAATCACTTTCT6GATCTGTTCTAAT 

CGQTCAAGTGACCACGAAAACCAQAGGGACCCCCGTTAGTCAAAGACCTACACAAGATTA 

A I «S«rS«rU«uVa I LauUauVa t S«rL«uG I yA I al I aS^r Ph«TrpM«tCy sS«r Aan 

GCATCTTTGCAGTGCAGAATATGCATCTGA 

CCTAGAAACGTCACGTCTTATACGTAGACT 

GlyS«rLauGlnCyaArgII«CyaXla£nd - 
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I AtGCATCCA^ llCJlCTCTCTCAJU;CTrrCJUOTJUU tlU>UACIXr <«K:ATCTCCCC^ 



lAtGC 

Itacc 



[TACCTA t^ riT G r C AakCACrrCCXAACTCCATCTAA C CAJUlCXAACCCTACA^ 
|lf«tA<pProAMTnrValS«rS«rVh«61aValA«pS«r?b«X*«uTrpai4ValArgX.y« 
CCACTTCCACACCXJUMUICTACKTCXTCCCCCXTTC CCTCATCCG CTT C^^ 
CCTCXACUTLTU; i TLl I tt AtCCACtACCGGCTXACSXACtACCCSAACCCCCTCTACTC 
Ar9V«lAlaA«pGlftGluI.««61yAspAlftProP&«X<«aAspAr9L«uAr9ArgA«pGla 



rrSMC TACCTACTXTACXAtTGrrCJiTGAfiCTACJ SACCC Xl 1 iCl 1 AA G IT C »TTAXT 



I,y»firife«tA3pHl»M«tI^ThrS<rThrArqSeifc^>rciyLy«CluPh«AsnLy«tau 



rite: 



auUUUUUKATCCWUUVTTTAAATAJUUUUUnTGATGATCG^ 

Ci A 11 i ICC X ACCTTTTAAATrrATTTTTTCXACTACTACCTAAACACCTCT AAACCTCT 

ClttLy«Ar^«t,CltiA«nL#ttA<nLy«I.y«V*lA<pA»pClyPh«L»uA<pIIaTrpTftr 

TATAATtKIACAArrOTACTTCTACTGCAAAATCAAAgWrTCTCCATT ^ 

AIATTACCTCTTAACAATCAACATGACCTTTTA C I IT CC T G ASACCTAAAgSTACTCAGT 

TyrA«&ALaGlttL«uli«uValL«uLattClaA«nGXiiAr9ThrI.«uAspPh«fllsA«pS«r 

AATGTCAAGAATCTCTAT(a^»AACTAAAAACCCAATTAAACAATAAT CCCAAACAA ATC 

CTACACTTCTTACACATA C ICI I ICAI 1 1 1 TCSCtTA AX I I C T T A TTA Om T T C t ITAC 

AsaVttlLyflA«nL«aTyrGluLysVAlLysS«rClat«ttLysAanA«nAl«X.y«GloIl« 

C(auVAT«»TCTTTT(aWWTCTACCACAACTCTGAC^ 

CCTTtACCTACXAAACTCXAW 

GlyA«nCIyCy»Ph«fil«Ph«Tyrfll«ty«Cy«A«pA*nCX«CysH«tCluS«rV«lAtg= 

AATC(»A CrrATCATTATCCCA AATAT TOCA A(U<aCAA AC^^ 

CTACOTCaU^TACTAATACGCTTTATAAGT C TTCTCACTTrCAACTTCTC ^ 1 1 1 ILC AT 

AjnfllyTlirTyrAjpTyrP roLy«TyrS«rGl«GluS«rLy»I.«uA«nAr9Clul.y«V«l 

GATO»CTCAAATTCSAATCXATCCGGATCTATCA<» TTCTC^^ * 

CTACTCACTTTAACCrrACtTACCCCTACAXACTCTAASACCG C TACATC^^ 

A«pGlyV«U,y«t«uCluS«rH«t«lyIl«TyrGlnIl«t«iAl«tl«TyrS«rThrV«X 

TCCgCCCAA TCA UX I ICXG C ATCr CrrCTAAT 

ACCCCCCnAGTCAAAGACCTACACAACATTA 

Al«S«rS«rL«nV«lL«til.«ttV«lS«rL*aGlyAlAll«S«rPli«Trp«UtCysS«rA<n 

CC A t C T TTCCACTCCKCAATATCCATC TGA 

CCTAGAAACGTCACGTCrrATACGTAGACT 
JUUL 

GlyS«rL«uGlaCy«Ac9l l«CysI l«end 
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